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Abstract

The thesis presents a thorough, in-depth study that fills some of the gaps in the knowledge of
the impacts of woodland utilisation in communal areas. The chosen case study villages are in
Bushbuckridge, a government gazetted Integrated Sustainable Rural Development
programme node, making the results pertinent to sustainable energy policy reform in South
Africa. A case-study of two villages was used to investigate the spatial and structural
changes in fuelwood supply in response to fuelwood extraction as well as the changes in use-
patterns over time. A survey of the structure and composition of the woody vegetation and
wood harvesting patterns around the villages was conducted and compared against historical
data, spanning 17 years. Total wood stock in the communal woodlands of both villages
declined over the study period; the loss being greater in Welverdiend. Significant, negative
change in the structure and species composition, particularly of species that are commonly
harvested for fuelwood has occurred in Welverdiend but not in Athol. The absence of
negative impacts in Athol implies that harvesting regimes here are more sustainable but it is
more likely that this is due to the lower human population and lower fuelwood extraction
pressure. The changes in woodland structure were linked to landcover change patterns that
occurred in the villages over the last 44 years, from their creation through forced
resettlements on old farms in the area. Landcover change patterns were similar in both
villages since 1965 but there was significantly greater woodland loss in Welverdiend (48%
woodland loss) in comparison to Athol (25% woodland loss). The systematic loss of
woodland areas to agricultural fields was linked to expanding residential areas due to human
population growth. Deforestation occurred where woodlands were already impacted through
selective harvesting. The physical changes in woodland structure and landcover were linked
to a detailed socio-economic analysis of the two villages, providing critically important data
for the sustainable management of woodlands in South Africa. The impact of access to
electricity on fuelwood consumption rates was carried out through analysis of the economic,
time and opportunity costs of fuelwood collection, compared against the different fuelwood
availability in each village. In Welverdiend demand for fuelwood has so far proved inelastic;
households have adjusted their fuelwood collection regimes, going on fewer collection trips
but spending longer times for each trip but ultimately household investment is similar to that
in Athol. Fuelwood demand is maintained in Welverdiend by the availability of purchased

fuelwood and harvesting in new sites. A model to predict the socio-economic factors at the



household and per capita level which affect fuelwood consumption was developed. Revealing
in the process that households with access to electricity used less fuelwood annually and the
amounts of fuelwood used were influenced by the household perceptions of fuelwood
scarcity in the village, Household population size had a direct bearing on the likelihood of
households switching to electricity with every addition to the household size decreasing the
likelihood of switching by 48%. This study has major implications for the government’s on-
going rural electrification programme. Interventions are required that raise awareness about
fuelwood availability trends, based on landscape developments and targeting women as the

main users of fuelwood.
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Chapter 1

1. Introduction

1.1 Problem statement and rationale for the study

Why is there need for yet another African fuelwood study? The need for this research was
driven by the observed continuing use and dependence on woodfuels in rural and urban
southern Africa, mostly in the form of fuelwood and charcoal, despite the availability of other
cleaner energy options such as electricity. The intention was to provide information about
the factors that drive energy choices in rural southern Africa, the environmental implications
of the continued dependence on woody biomass, and the policy implications of these
findings. The lack of up-to-date and reliable information about the status quo of the
environmental and social dimensions of the continued use of fuelwood is a major factor
hindering the development of such models and instituting adequate national policy and
planning (Shackleton et al 2007b). The strength of this study is that it compares current state
of the fuelwood resource base and fuelwood extraction and use patterns with earlier data in
the study area. In doing so this study provides new insights into how rural wood-energy

systems have changed over time in South Africa.

The Fuelwood Problem has been the source of major debate in the sustainable development
arena for over 30 years and still, there is no clear consensus on the sustainability of wood-
based energy systems (de Montalambert & Clement 1983, Dewees 1989, Arnold et al 2006).
The much-debated “problem” revolves around the nature of the environmental impacts,
whether deforestation or degradation (Grainger 1999, Geist & Lambin 2001), the prediction
of widespread fuelwood shortages (de Montalambert & Clement 1983)) and the social and
health consequences that have been linked to the use of fuelwood (de Montalambert &
Clement 1983, Dewees 1989, Arnold et al 2006). Fuelwood remains the dominant domestic
energy source for rural households in southern Africa (Karekezi 2002, IEA 2010), despite the
availability of electricity in many rural areas, particularly in South Africa (UNDP & WHO
2009). This highlights the continued importance of wood as a cheap or free renewable
energy source in the context of widespread poverty. The wood resource base around rural

settlements is coming under increasing pressure from harvesting to meet both local and
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external demands, especially in areas of high human density, such as rural areas in South
Africa. At the same time, institutional governance of common property woodlands resources
is weakening across the sub-region (Twine 2005, Kirkland et al 2007). The sustainability of
fuelwood harvesting thus remains a highly topical issue, with important implications for both
the environment and human well being. Furthermore with time has come the realisation that
the predicted collapse of the fuelwood resource base has not occurred to the extent
anticipated. These models have either overestimated consumption or underestimated the
regenerative capacity of savannas and human adaptive capacity in light of changes in
fuelwood availability (Dewees 1989, Arnold et al 2003). Importantly, most models
developed to simulate rural energy systems were based on simplistic assumptions or sub-
models of wood supply and production. There is thus a need for better, more ecologically
realistic models which predict the production of fuelwood at different scales.

This study contributes to the knowledge about the sustainability of wood-based rural energy
systems in Africa, specifically in terms of the stability of the biomass resource-base over time
and the development of rural socio-ecological landscapes. The colonial and post-colonial
histories of many Sub-Saharan countries has created country-specific rural communal
landscapes that bear similar legacies as a direct result of government policies that were
prejudiced against indigenous populations along racial lines (Adams et al 1999, UNECA
2003). Poor infrastructure, low economic development and high dependence on ecosystem
services from the immediate natural environment are characteristic of these landscapes
(Adams et al 1999, UNECA 2003). Thus the outcomes and implications of this research are
broadly applicable within the context of rural African environmental and economic
development issues. This body of work will enhance the understanding of rural energy
systems as a whole. Given the link between energy security and economic development
(UNDP 2005), such information is of absolute importance today, to all stakeholders
concerned with addressing issues of sustainable development, energy security, poverty
alleviation and the reduction of environmental degradation across the communal savanna

rangelands of southern Africa.
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1.2 Biomass energy: the mainstay of the poor

Reliance on biomass energy is highest amongst the developing countries (UNDP & WHO
2009, IEA 2010). There is a direct relationship between the extent of household use of
biomass to meet domestic energy needs and the degree of impoverishment of a country (IEA
2000, UNDP 2003). Generally, the poorer the nation, the higher the dependence of its
populace on biomass energy to meet its primary domestic needs. As such, energy security is
central to the achievement of poverty alleviation and ultimately sustainable development in
developing countries. Policy interventions to ensure this have been focused on facilitating
the switch from traditional biomass energy, mostly in the form of fuelwood and charcoal, to
“cleaner” energy sources such as electricity through electrification programmes (Karekezi et
al 2002).

Biomass energy, mainly from wood, charcoal, agricultural residues and animal wastes
accounts for 49% of the total primary energy use in Africa (Karekezi 2002, IEA 2003). It is
predominantly used to meet household domestic energy needs such as cooking, lighting,
boiling water and space heating (Howells et al 2003). The exact figure of the proportion of
households depending on biomass energy varies widely from region to region with the
highest dependence being in Sub-Saharan Africa where over 70% of the population depends
on this traditional source of energy (Hall 1994, Eberhard 1992, IEA 2002). Although
biomass refers to fuelwood, charcoal, leaves, agricultural residue, animal and domestic
waster, in Sub-Saharan Africa the bulk of biomass energy is derived from wood, either burnt
directly as fuelwood or as processed charcoal (Karekezi et al 2004). The majority of the
populations using biomass energy reside in rural areas (Shackleton & Shackleton 2000). In
spite of the widespread rural electrification programmes that are prevalent in many sub
Saharan African nations, the reliance on this energy source is set to increase, almost in
parallel with the human population growth in the immediate future (Broadhead et al 2001,
IEA 2003). The International Energy Agency (IEA) predicts that by 2030 biomass energy
will still account for at least 75% of total residential energy in Africa (IEA 2002).

The dependence on biomass energy is supported by the large scale extraction of biomass in

the form of woody plant material (trees and shrubs) from the remaining tropical forests and
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savanna woodlands of Africa (FAO 2003, Karekezi et al 2004). These woodland resources
are free or cheap, abundant and renewable sources of energy and their use represents a safety
net against the effects of widespread poverty (Shackleton & Shackleton 2002). There is a
feedback relationship between poverty, (lack of) access to energy and environmental
sustainability. The concerns about unsustainable woody biomass harvesting practices leading
to environmental degradation and a negative feedback in the decline of human wellbeing are
still valid (Twine et al 2003, FAO 2003, Biggs et al 2004, Kaschula et al 2005). Due to
limited financial resources, most rural households are unable to make the transition to cleaner
sources of energy, such as electricity as they cannot afford them or the appliances needed to
fully utilise them (Williams & Shackleton 2002). As such these societies remain dependant
on the free indigenous natural resources around them for their livelihoods (Twine et al 2003),
especially the woodlands as a source of biomass energy (Biggs et al 2004). As such,
fuelwood provision remains a vital ecosystem service, particularly in the savannas of
southern Africa where household dependence on fuelwood is predicted to remain high
(Karekezi et al 2004).

1.3 The fuelwood crisis: identifying the gap

In light of the recent increases in the price of crude oil and other fossil fuel derivatives such
as paraffin and gas, fuelwood may become less economically feasible for poor low-income
rural communities to access. The relevance of studying the sustainability of the continued
extraction of woody biomass from the savannas of southern Africa cannot be emphasised
enough. The current global situation of increasing crude oil prices and a resurgence of
interest in energy alternatives is similar to the situation that arose in the 1970s during the time

of the Energy Crisis, which in turn led to the “discovery” of the Fuelwood Crisis.

The “Fuelwood Crisis” came about in the mid 1970s after rising fossil fuel prices precipitated
an energy crisis. This brought about the realization that a large and growing portion of the
world’s population, especially in developing countries was dependant on fuelwood for energy
(Eckholm 1975). With this came an interest in the potential impact of this continued,
widespread dependence on the wood resource base at such a massive scale. The initial

projections were based on rough estimates of the rates of fuelwood extraction held up against
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the annual growth rates of existing forests, which were used as proxies for sustainable
fuelwood off-take (de Montalambert & Clement 1983, Dewees 1989, Arnold et al 2006). It
was predicted that based on the then current fuelwood usage patterns and projected
population growth rates, woodfuel demand would rapidly outstrip the available standing
forest stocks in the immediate future. Future projections of increasing demand were linked to
increasing human populations and projections of biomass productivity were carried out based
on tropical forest standing stocks and annual productivity (de Montalambert & Clement
1983). As a result, predictions of fuelwood deficits between demand and the available woody
biomass stock were identified across the developing world. It was thought that this gap
would be filled by overcutting of available fuelwood stocks and that this would lead to
widespread deforestation as fuelwood became increasingly scarce. These fuelwood gap
theories predicted dire consequences if there was insufficient action to combat the fuelwood
crisis. One such prediction was that by the year 2000, 2.4 billion people would be in
situations of acute woodfuel scarcity (De Montalambert & Clement 1983) and that this would
have serious negative implications on the wellbeing of these societies in terms of food
security, quality of life, health and economic development.

The looming fuelwood gaps in the developing world and the severity of the predicted social
and environmental consequences gave rise to the development of intervention programmes
that would address the root causes, that is, the need for fuel for cooking (FAO 1981, de
Montalambert & Clement 1983). These programmes included encouraging the use of
fuelwood alternatives such as Liquid Petroleum Gas, LPG, and Kerosene/Paraffin and
encouraged the development and use of improved wood-burning cook-stoves (Dewees
19898). Most low-income households could not afford to use the alternative fuel sources or
the specialised appliances that were required to make use of them. Furthermore, the
“improved” cookstoves were often engineered and tested in sterile lab conditions which did
not perform as well in the field and under the actual conditions of use in rural outdoor
kitchens (Gill 1987). The interventions aimed at decreasing the perceived gap in fuelwood
supply focused on increasing fuelwood availability and managing existing woodland reserves
more sustainably (Dewees 1989). One of the recommendations to combat the fuelwood gap
in Africa was to increase the rate of tree planting fifteen-fold (Anderson & Fishwick 1984).
This gave rise to ambitious afforestation and reforestation programmes that encouraged the
development of communal woodlots to provide fuelwood by cultivating fast-growing tree
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species (Arnold & Persson 2003, Arnold et al 2006). Ultimately these interventions failed
because they encouraged the planting of fast-growing, exotic tree species such as Eucalyptus
species which were unsuitable for use as fuelwood (Dewees 1989). Furthermore they did not
take local land-tenure and resource governance practices into consideration in developing
these woodlots, meaning it was not always clear who had resource-use rights and control of
the woodlots (Arnold et al 2006). Ultimately many of these intervention programmes failed
because the models upon which they were based were flawed (Dewees 1989, Arnold &
Persson 2003, Arnold et al 2006).

1.4 The shortcomings of the energy gap models behind the fuelwood crisis
As time passed and both the rates of deforestation and the negative socio-economic scenarios
that had been predicted were not realized, it became evident that there were in fact serious
shortcomings with the energy gap theory behind the fuelwood crisis (Leach & Mearns 1988,
Dewees 1989). The initial reports were based on supply predictions for tropical forests
whereas actual use was from woodlands and shrublands and other woody plant resources that
are able to regenerate if harvested (Dewees 1989). At this time there were few generally
accepted estimates of standing woodland biomass stock and productivity (Bradley &
Campbell 1998) therefore the figures for available woody biomass stock that were used were
grossly underestimated and based on figures for tropical closed forests (Grainger 1999).
Another important factor that was overlooked in the formulation of many of these models is
the ability of trees and shrubs to regenerate after harvesting through coppice regeneration
(Banks et al 1996). Therefore the assumption was that fuelwood harvesting resulted in clear
cutting of woodlands, and that harvesting resulted in the mortality of the individual trees and
shrubs, which is an erroneous assumption and one that should be redressed in any future

models of these systems.

Furthermore these models did not take people’s adaptive strategies into account when
making the predictions of increasing consumption even in the face of fuelwood scarcity and
this was a grave oversight. These models assumed a logical progression that increasing
populations result in higher total consumption and this may have resulted in overestimation
of future demand for fuelwood (Dewees 1989, Brouwer et al 1997Arnold et al 2006). In
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actual fact, reduced access to wood supply encouraged users to use available resources more
economically and to switch to alternatives (Dewees 1989, Brouwer et al 1997, Kaschula
2003). No real attempts were made to relate the distribution of woody biomass to human
population distribution (Top et al 2004) or to local land tenure and resource governance
systems so as to better understand the spatial heterogeneity that is inherent in these systems
and how it changes over time. Further studies have since shown that fuelwood extraction
from a woodland landscape is unlikely to cause widespread deforestation on a large scale but
it may result in localized woodfuel scarcities as a result of the imbalances between the
patterns of demand and availability at the village scale (Dewees 1989, RWEDP 1997,
Kaimowitz & Angelsen 1998, Geist & Lambin 2006). These gap theories dealt only with the
quantitative aspect of fuelwood supply and completely ignored the spatial distribution and
variation of woodfuel supply and demand (Hosier 1985, Bradley and Campbell 1998).
Fuelwood scarcity is not only a function of the physical availability of the biomass resource,
it is also determined by the actual accessibility of the resource as well as the availability of
labour to harvest the fuelwood (Dewees 1989, Dovie et al 2004) and these models did not
account for this.

1.5 The economics of fuelwood harvesting

The extraction and utilization of fuelwood is related to the economic cost of fuelwood
collection and resource availability (Dewees 1989, MacDonald et al 2001, Hegan et al 2004,
Pattanayak et al 2004), where the collection cost is determined by either opportunity cost
and/ or average local wage (Dewees 1989) or caloric cost (MacDonald et al 2001, Hegan et
al 2004, Hartter & Boston 2007). These are in turn determined by the distances traveled to
the fuelwood resources, the difficulty of extraction and resource quality which in this context
is preferred species and woody plant morphology availability. As such changes in fuelwood
consumption regimes can be anticipated as the cost of its collection increases and its supply
decreases. Over time, this behaviour may cause savanna woodland degradation. If fuelwood
collection cost is a function of the distances traveled to collect it (Hatton-MacDonald et al
2001, Hegan et al 2004) then ideally, if one wanted to predict the likelihood of a particular
fuelwood harvesting choice being chosen over the other alternatives, this could be done by
assessing the cost and choosing the most cost-effective choice. However, measuring the cost

of fuelwood collection means one has to derive opportunity costs for the harvester’s time
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spent during collections and assign monetary values to them (Remme pers comm.). This in
turn requires one to know something of the local wage systems in that particular area
(Macdonald et al 2001).

The basic economic problem is that resources are always limited or in scarce supply relative
to our unlimited demands as consumers, this scarcity makes it necessary for us to choose
among the available alternatives for resources (Horgan 2002). In terms of fuelwood
harvesting, this choice is expressed in terms of choice of where to harvest, which species and
woody plant morphology to harvest, how much fuelwood to harvest and at the household
level, these decisions are made depending on the travel-cost of the fuelwood collection trip.
It is most likely that the woodland patches that are most heavily impacted by fuelwood
collection are those areas that have the least cost to the collectors. This may be a function of
the terrain, the distance traveled to the collection site (Hartter and Brent 2006), the
accessibility of the site (access roads, pathways) and the load carried back to the homestead
(MacDonald et al 1998, Hegan et al 2004, Pattanayek et al 2004). If information such as cost
per collection trip per household, together with the fuelwood load collected, distances
traveled per collection trip, location of the fuelwood collection sites are collected then
investigations into what factors determine where people go to collect fuelwood become
possible.

Fine-scale village level fuelwood consumption and supply data can be used to identify
fuelwood “hotspots” which are areas where urgent action is required to balance potential
fuelwood deficits in the future (Masera et al 2006). These notions are spatial in nature and
would be best described and anlaysed using Geographic Information Systems. The majority
of people who depend on woodfuels have relatively limited access to alternative energy
sources to meet their domestic needs, thus they are constrained to utilize locally available
energy that is gathered at the cost of their time and physical exertion (Horgan 2002).
Fuelwood harvesting regimes involve choices that allow them to maximize from their

expenditure in light of the return from the fuelwood harvested.
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1.6 The global development context, energy poverty and the South African

perspective
Ultimately, the interest in understanding fuelwood supply-demand dynamics relates to the
future sustainability of these wood-energy systems and the implications of this for the
development of appropriate policies and programmes. The renewed interest in fuelwood
supply-demand systems comes at a time when the global arena is realising the importance of
household energy security in achieving sustainable development (UNDP & WHO 2009),
referring to the need to eradicate global energy poverty on the road to achieving this goal
(IEA 2010). The concept of energy poverty refers to the lack of choice in access to modern
energy services that are “adequate, safe and reliable for economic and human development”
(Perreira et al 2010). The International Energy Agency, IEA, recognises two indicators of
energy poverty at the household level; the lack of access to electricity and the consistent use
and dependence on woodfuels for cooking (IEA 2010). The important role of rural
household energy security in achieving the Millenium Development Goals (MDG) has long
been recognised yet there is no specific MDG relating to energy (CSD9 2002, UNDP 2005,
IEA 2010).

Currently approximately 2.5 billion people living mostly in the developing regions of Latin
America, Africa and Asia depend on traditional biomass (woodfuels) for cooking and heating
(IEA 2009). Of that total figure, 1.5 billion people do not have access to electricity and
another 1 billion have unreliable and in some cases financially inaccessible electricity
supplies (UNDP & WHO 2009). This lack is now apparent in that the issue of energy
security is seriously putting the global achievement of the MDGs at risk (AGECC, 2009). A
co-ordinated global effort will be required to combat energy poverty and meet the Millenium
Development Goals (AGECC 2009), particularly in Sub-Saharan Africa which has been
identified as lagging the furthest behind amongst all developing regions (UNDP 2007). The
use of household access to electricity as an indicator of energy poverty means has pushed
most developing countries to set targets deadlines for universal access to electricity to within
the next 5 years (IEA 2010).However this also means that few are explicitly putting policies
in place to deal with the reality of current extensive dependence on woodfuels amongst their

populations. Few countries, including South Africa, have set targets to improve access to
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modern fuels and improved cookstoves or to explicitly reduce the reliance of their
populations on woodfuels (UNDP 2007, IEA 2010).

Meeting the energy challenge to transform energy systems at all levels of technological
capability over the intermediate future needs to be a governmental priority irrespective of the
major challenges faced by Low-, Middle- and High-Income countries respectively (Table 1.1,
AGECC 2009). South Africa faces particularly difficult circumstances as it has the economic
and energy-use characteristics that straddle the full spectrum of each one of these categories-
having both developed and developing economy characteristics (Madubansi & Shackleton
2006). As of February 2012, South Africa is classified by the World Bank as an Upper-
Middle Income economy, with an average Gross National Income per capita income ranging
from USD $3,976-USD $12, 275 (World Bank, 2012).Thus the South African government
must take all of these aspects into consideration with respect to future energy planning. This
research contributes to the necessary body of knowledge required to meet the planning
aspects for the rural energy poor populaces of South Africa.
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Table 1.1 Summary of the challenges faced by governments in transforming national energy
delivery services to ensure universal household access to electricity classified according to
per capita annual income (based on AGECC, 2009). Designation into Income class is based
on World Bank classifications as of 2012 (World Bank 2012).

Income level (average annual per  Transformational energy challenges
capita income)

Low Income High infrastructural investment to create, improve and
(<USD$1005) expand technological capacity and networks for
household electricity access

Rural areas are often remote and inaccessible

Financial challenges as high investment costs are
involved

Reduce widespread dependence on woodfuels

Provide modern energy-services such that they are
competitive with traditional woodfuels
Middle Income Enable the development of energy systems in a
(USD$1,006-USD$12,275) manner that enables the decoupling of economic
growth from high fossil-fuel based energy
consumption
Improved energy efficiency and decreased energy
related green-house gas emissions

High Income Challenge to replace large infrastructural investments
(>USD#$12, 276) (power plants) made in the past with cleaner energy-
generating activities
Decarbonisation of the energy sectors

Require new financial and technological investments

Household electrification has been a policy priority since the advent of democracy and
majority rule in 1994 (DME 2000). This was carried out through an intensive national
electrification programme to redress the imbalances of the previous Apartheid government
policies (DME 2000). Inspite of the availability of electricity in South Africa (75%, IEA
2009), most low-income rural households continue to use fuelwood to meet their basic
household energy needs for cooking and boiling water (Howells et al 2003). For the most
part these households use electricity for household lighting and other light energy needs

(Davis 1998, Thom 2000). Thus fuelwood use and extraction from rural landscapes remains
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highly relevant, requiring renewed studies about how the biophysical environments have

responded over time.

1.7 African Savannas: woodland resource base

1.7.1 The structure of African Savanna landscapes
Savannas cover over 50% of the total surface area of Africa they are the most extensive

vegetation type across Africa, support the majority of the human population on the continent
are the most extensive vegetation type across Africa; they cover over 50% of the total surface
area of the continent (Scholes & Walker 1993), support the majority of the human population,
thus the bulk of woodfuels in Africa are extracted from savannas. They are wide-ranging
tropical or sub-tropical seasonal ecosystems that are essentially a mixture of a continuous
grass layer and a discontinuous tree and/or shrub layer (Frost 1986, Skarpe 1992, Scholes and
Walker 1993, Frost 1996, Scholes 1997, Scholes & Archer 1997). The exact composition
and spatial configuration of the tree: grass ratio across a Savanna landscape is highly variable
as it is determined by environmental factors, predominantly rainfall and soil characteristics
(Skarpe 1992, Frost 1996), fire (Skarpe 1992, Frost 1996) herbivory (Skarpe 1992) and
human activities (Frost 1996). The spatial variability in the composition and spatial
configuration of the tree: grass interface means that savannas range from open tracts of
grassland interspersed with clumps of trees and shrubs at one end of the spectrum to
woodlands that are dominated by trees and woody plants, but since the tree canopies are not
continuous also have a significant grass component (Skarpe 1992, Scholes & Walker 1993,
Scholes 1997, Scholes & Archer 1997, Higgins et al 1999). Savannas show high temporal
and spatial variability even in their natural, undisturbed (by humans) state (Walker 1986,
Skarpe 1991b, Frost 1996) and the savanna landscape’s physiognomic characteristics will
vary with changes in climate and edaphic characteristics. These mechanisms and interactions
have been extensively studied; however the exact determinants of the tree: grass composition
of savannas remains one of the unanswered questions in ecology. More work is required to

understand African savanna landscape dynamics under the influence of human use.

The savannas of southern Africa share many genera and species with those of Central and
East Africa but fewer with the savannas of West Africa (Scholes 1997). In Southern Africa
there are two distinct Savanna types, fine- and broad-leafed savannas (Scholes 1997). Fine-

leafed savannas occur on well drained, nutrient-rich soils, mostly in low-lying arid areas.
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They are dominated by “fine-leaved” Mimosaceae, have higher grass production and support
larger numbers of herbivore species. Broad-leafed savannas occur on nutrient poor, well-
drained soils. This type of savanna generally occurs in less arid, higher rainfall areas. The
dominant trees belong to the Combretaceae and Cesalpinoideae Families and are
characterised by an absence of thorns and broad leaves, with a leaf surface area of at least 5
cm? (Mueller-Dombois & Ellenberg 1974 in Scholes 1997). The vegetation in the study area
is termed semi-arid savanna which is characterised by a mixture of broad- and fine-leaved
trees, shrubs and grasses with dense bushlands on the lowlands and open-woodlands on the

uplands.

This study focused on the impacts of human utilisation, through continued extraction of

woody biomass for energy, in semi-arid savannas in the Lowveld of South Africa.

1.7.2 Savannas in the former homelands of South Africa as cultural

landscapes
Landscapes evolve in response to the complex interplay between human and biophysical

influence on landscape structure and processes (Turner 1987, Farina 2000, Antrop 2005). In
human-modified landscapes, ecological, socio-economic and cultural factors interact to create
reflexive feedback mechanisms over time, aggregating at different hierarchical spatial scales
to create “cultural landscapes” (Farina 2000). Current cultural landscapes are a product of
the constant reorganisation of landcover elements in space and time, as a result of, and in
adaptation to, past societal needs and land-use patterns (Antrop 2005, Carr & McCusker
2009). Together with environmental factors, human disturbances are largely responsible for
the manner in which African savanna landscapes have developed over time (Scholes &
Walker 1993). Indeed, the savanna woodland structure and composition in place at the
beginning of the colonial period has been attributed to the disturbance activities of lIron Age
agro-pastoralist societies that inhabited those areas (Scholes 1997). The human impact on
savannas is expressed through the altering of natural fire regimes, woodland clearing
activities for agricultural land (Frost & Chidumayo 1996, Frost 1996), the extraction of non-
timber forest products for livelihood and subsistence (Shackleton & Shackleton 2000, Twine
2003), the impact of domestic livestock (grazing and soil compaction) and through woody

biomass extraction for timber and fuelwood (Dovie et al 2002, Twine et al 2003). This is
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particularly apparent in areas of high human population density, as seen in the communal
lands of South Africa (Shackleton 1993, Neke 2004). These villages on communal lands are
located in former Bantustans or homelands of the Apartheid Era in South Africa. The
government of the day forcibly relocated large numbers of black people onto marginalised,
infertile regions to pursue “separate development” away from white South Africa (Thornton
2002). The human settlements or villages in these former Bantustans are highly
impoverished, with limited employment opportunities and a dependence on agro-pastoralism
and the savannas in which they are located for subsistence and livelihood (Shackleton &
Shackleton 2002, Thornton 2002, Kaschula et al 2005). The evidence of this can be seen
across these landscapes; they are very heterogeneous with a strong agricultural component,
there is a noticeable element of organisation with respect to land use and this can be observed
at different scales (Giannecchini et al 2007). These factors are all characteristic of cultural
landscapes as defined by Farina (2000). Such a classification allows us to describe such
systems in socio-ecological and economic terms for the purposes of modelling local savanna
woodland development as a result of interactions with human society- the ultimate goal of

this project.

1.7.3 The characteristics of South African communal areas
Communal areas are multiple-use landscapes, shaped and transformed by interacting

environmental and human factors (Batterbury 2001, Twine 2005). In South Africa, this is
State-owned land, on which communities have been granted communal rights of use and
access governed by local traditional authorities (Thornton 2002, Kaschula et al 2005). The
dependence on natural resources in communal areas as a livelihood strategy and security net
against the effects of poverty have been well discussed (Shackleton & Shackleton 2002,
Shackleton et al 2005). This situation is not likely to change in the immediate future. As the
focus shifts towards sustainable management of these systems, that they may continue to
support these communities into the future, it is important for to understand how these cultural
landscapes (Farina 2000) have developed over time, so that appropriate plans to ensure

resource availability into the future can be developed.

A key issue is always that of ecosystem resilience, where this refers to the capacity of the

system to withstand or recover from shocks through self-organisation and adaptation (Berkes
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& Folke 1998, Farina 2000, Carpenter et al 2001, Folke 2006). Fuelwood harvesting may
affect the resilience of these systems. At landscape level, this should be evident through an
evaluation of the landscape heterogeneity and woodland response to harvesting- reductions in
density canopy cover thinning and changes in structure. Livestock stocking rates are high in
communal rangelands (Scoggins et al 1999) and grazing has resulted in significantly reduced
grass biomass (Harrison & Shackleton 1999) which influences the occurrence and intensity of
fires (Shackleton et al 1994). Woodland vegetation structure is influenced by land-use
practices in the area; the communal rangelands have lower aboveground wood biomass
density, species richness and altered species composition in comparison to neighbouring
protected areas and cattle farms (Higggins et al 1999). However there is no clear
differentiation in stem diameter and height size class distribution by land-use (Higgins et al
1999) as some communal rangelands have higher densities of large trees than alternative
land-use areas (Fisher et al 2012). Tree and shrub species in communal rangelands are
resilient to harvesting (predominantly for fuelwood) (Higgins et al 1999), most likely due to
the ability of most species to resprout from the main stem or root stock in response to damage
to the stem (Shackleton 2000, Kennedy 1998).

In modelling the woody biomass supply demand relationships, many studies have focused on
the quantitative relationships that are observed, ignoring the spatial variability that arises as a
result of fuelwood harvesting as part of the woodland dynamics (Top et al 2003). The spatial
heterogeneity in supply of the fuelwood resource base in response to continued harvesting
must be investigated to understand how these socio-ecological landscapes develop and how
best to sustainably manage them for the future. The spatial aspects of fuelwood harvesting
matter because the configuration of the resource stocks across the landscape influence the
welfare of the villagers as well as the ability of the woodlands to provide the ecosystem
services upon which those communal societies are dependent (Diamond 1975, Shaefer 1990,
Heltberg 2001, Masera et al 2006).

1.8 The dynamics of communal savanna rangelands

1.8.1 Evaluating woody biomass stock dynamics in communal savanna
rangelands
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For the purposes of this research understanding the dynamics of communal savanna
woodland denoted assessing the current status of that woody plant community, how it has
changed and how it will continue into the future, in the context of its ability to produce
fuelwood as an ecosystem service. This was carried out by assessing the population species
composition, size structure of trees in the communal woodlands in the study areas and how
this has changed in light of continued use over a set period of time. A healthy plant
population has a size class distribution with the form of an “inverse J”, any deviation from
this often indicates disturbance (Owen-Smith 2007). Carrying out a woodland inventory
through plot sampling of the same woodlands now would allow not only for an assessment of
current standing biomass stocks but also a detection of how this has changed over 17 years.
Comparative studies over a long time can be used to assess changes in woodland structure
and species composition. This allows for investigation of the woodland response to selective
harvesting of preferred species and plant sizes, as well as changes along the observed
utilisation gradient (Shackleton et al 1994) and an assessment of coppicing in the woodlands.
The selective harvesting pressure caused by humans extracting particular species and size
classes often brings about a change in size class distribution and increased mortality of target
species (Grainger 1999, Luoga et al 2004) as well as an overall decrease in species richness

of the entire woodland (Shackleton et al 1994); indicative of woodland degradation.

1.8.2 Identifying the human drivers of woodland change
The main drivers of the observed changes in these communal woodlands are most likely the

harvesting practices of the village residents. If one is to understand these dynamics
adequately then one must also quantify the demand for woody biomass, which in this case, is
a focus on demand for fuelwood for fuelwood and charcoal production. In understanding
these fuelwood harvesting regimes, the information that is required is quantitative (amounts
of biomass removed over a given time horizon) as well as qualitative (preferred species and
size) (Banks et al 1996, Mlambo & Huizig 2004, Shackleton et al 2005 Madubansi &
Shackleton 2007). Recommended methods to establish this include observation (Abbott &
Homewood 1999, Mlambo & Huizig 2004), structured interviews, key informant interviews
and focus group discussions (Mlambo & Huizig 2004). From these data sources it is possible

to quantify household fuelwood demand.
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1.8.3 Land cover/ land use change: understanding landscape woodland
dynamics
The fuelwood supply potential of an area is a function of several factors. The key

environmental factors are soil nutrient availability as well as soil moisture. On a cultural
landscape, land use and landcover change, land tenure systems and the location of the harvest
sites come into play. These factors determine effective biomass availability. The importance
of resource availability or accessibility lies in the fact that not all the woodland resource base
is exploited for fuelwood and the likelihood of woody plants being exploited is determined by
physical availability and legal accessibility (Top et al 2006). Together these two terms
describe biomass accessibility; the Food and Agricultural Organisation (FAO) defines this as
a qualitative or categorical variable that defines the degree to which a given biomass source is
effectively accessible for use; it is relative and differs depending on the location and

technology available to the group using it (FAO 2002).

The ability to model the spatial variability in the woody biomass capacity as it stands now
and in the future would be a powerful planning tool when looking to create sustainable
management plans for the continued use of these woodlands. Such a tool would enable us to
project where fuelwood harvest hotspots are and will be in the future (Masera et al 2003) and
also to test the potential for implementing rotational harvesting schemes etc. It is probable
that the woodland patches that are most heavily impacted by harvesting are those areas that
have the least collection cost to the harvesters. This likelihood may be a function of distance,
terrain (Hartter & Brent 2006), physical accessibility of the site through access roads,
pathways, the load carried back to the homestead (MacDonald 1998, Hegan et al 2004) and

legal availability

1.8.4 Woodland degradation processes
In this thesis the term “degradation” is defined as “a persistent decrease in the capacity of an

arid or semiarid ecosystem to supply a range of (ecosystem) services (Scholes 2009) where
the focus of the study was fuelwood provision. By definition the concept of degradation is
relative as it requires comparison (over time or space) to show a decrease in quality between

two ecosystems. Thus, in this study comparison was over time for both villages, as well as
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between the two villages relative to each other in 2009. There is some degree of subjectivity
which is unavoidable but in this study the term was used to describe the ability of the
communal rangelands to produce fuelwood of a desired quality based on the harvester’s

expressed preferences.

Communal savanna rangelands are multi-use landscapes with multiple users; therefore
human impacts are varied and the degrees of severity differ, with the most severe being
deforestation. Land clearing activities for agricultural and human settlement expansion are
the primary causes of deforestation, whereas grazing by livestock and selective harvesting for
construction and fuelwood bring about woodland degradation (Grainger 1999, Abbott &
Homewood 1999). Grainger (1992) defines woodland degradation as “the temporary or
permanent reduction in the density, structure, species composition or productivity of the
vegetation cover”. Fuelwood harvesting whether it be for direct combustion as fuelwood or
for further processing into charcoal, does not usually result in deforestation in savanna
woodlands (Grainger 1999, Abbott & Homewood 1999), rather unsustainable fuelwood
harvesting brings about woodland degradation. Fuelwood is considered to be a renewable
source of energy but this is true only if it is harvested sustainably, where sustainable
harvesting means that the total woody biomass removed is less than or equal to the total
annual growth (Shackleton 1997).

Fuelwood harvesters select for certain tree species and within those species for certain
morphological types (Shackleton et al 1994, Luoga et al 2004, Neke et al 2004). The results
of this selective harvesting are thinning of canopy cover, reduction in stem density, changes
in woodland structure and species composition and changes in the productivity of the
vegetative cover (Grainger et al 1993, Higgins et al 1999, Shackleton 2000). In quantitative
terms these degradation processes can be measured by changes in canopy cover, biomass
density and biodiversity (Grainger et al 1999). To trace such degradation processes, one
requires a long term data base of landcover (vegetation) information over the area of interest-
this may be in the form of woodland inventory information collected from permanent

woodland plots or, pictorial record of the changing landcover.
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The question is whether the woodlands of Africa will survive the continued, increasing
extraction of woody biomass, or whether this extraction pressure will ultimately lead to the
disappearance of the woodland landscape across Africa. The resilience of this resource base
to human use can only really be predicted and tested through the use of biomass supply-
demand models, taking into consideration the mistakes of the past. By revisiting and re-
evaluating the models of the past, testing and comparing their predictions with real data it
will be possible to identify the shortcomings of these models, if any, and build better models

from there.

1.8.5 Unsustainable fuelwood harvesting in Bushbuckridge Municipality,

South Africa
In their study in 1992 Banks et al (1996) claimed that there was a “woodland resource crisis”

in Bushbuckridge. In the woodlands surrounding their two study villages, Welverdiend and
Athol, they claimed that there was insufficient woody biomass supply to meet the apparent
demand. Based on the supply-demand model they constructed they predicted there would be
rapidly declining woodland resources (through deforestation) and that this would ultimately
lead to resource base collapse- complete deforestation of the woodlands surrounding one
village-Welverdiend but not for Athol. The obvious question is “Why the difference in
predictions?” The same predictive model was applied to both villages and they are located in
the same municipality and environmental context. The great interest in revisiting this model
in particular at this time is that 2007 was the year given as the point in time at which
complete woodland deforestation was to have occurred. This places us in the unique position
of being able to test the predictions given by Banks et al (1996) right down to the timeframe
given. The model constructed by Banks et al (1996) was able to test scenarios of potential
wood supply in response to changing demand, where demand was derived from an increasing
population growth, per capita consumption and seasonal variability of the consumption rates.
According to the model, the reason for the predicted woodland collapse was increasing
harvesting pressure with constant per capita harvest rates. In other words, based on the
assumptions upon which the model was constructed, the human population in Welverdiend
would continue to increase, and as the population grew so would the demand, each individual
of which would increase fuelwood consumption by the constant per capita rate. Furthermore,

the woody biomass module of the model suggested that the biomass productivity rates of the

38



woodlands surrounding Welverdiend were significantly less than the rates of consumption

and that this deficit would ultimately lead to the collapse of these woodlands.

Studies in this area have described a breakdown of the traditional rules and social constructs
that govern the use of land and the woodland natural resources (Kaschula et al 2005,
Shackleton et al 2007, Twine et al 2003). With a noted influx of external users and an
increasing population in the area of interest, based on the assumptions of the model above,
one would expect to see the evidence of the reality of the Banks model- extreme deforestation
and denudation of the woodlands surrounding Welverdiend, and a measure of this is
necessary. The study sites need to be revisited and the predictions made evaluated. An
assessment of the woodland condition at present day in comparison to the time when the
woodlands were first assessed is required to understand what, if anything has changed.
Changes could be in the guise of harvesting regimes, socio-economic circumstances or the
introduction of alternate energies. Furthermore, it is of interest to re-evaluate the model
itself- perhaps the shortcomings are within the construction of the model? The answers to
these issues will act as the building blocks towards the construction of a more realistic

supply-demand model of woody biomass extraction from savanna woodlands.

In the years since the study carried out by Banks et al (1996) there has been an intensive
electrification programme in the area and both villages are now connected to the national
electric grid (Madubansi & Shackleton 2006). One could assume that the provision of
electricity to this village would have had reduced the fuelwood consumption and harvesting
regimes of the residents of Welverdiend and that this may have influenced the realization of
the Banks et al (1996) model predictions. This would be an erroneous assumption.
Madubansi & Shackleton (2006, 2007) included both Athol and Welverdiend in a long-term
study of changing fuelwood use and energy profiles with electrification. The time horizon of
their study encompassed the time at which the Banks study was carried out and used about
consumption patterns from 1991 to 2002. Their results showed that the residents of these two
villages had not changed their dependence on fuelwood; there were no significant decreases
in per capita woody biomass consumption. They did however find that the fuelwood harvest
regime had changed- that there was a significant increase in the time spent collecting
fuelwood, as well as in the number of households purchasing fuelwood. Furthermore a larger
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number of tree species are now collected and used for fuelwood than before. These are
indicative of increasing scarcity of desirable woody biomass in the woodlands around these

villages (Brouwer et al 1997).

1.9 Research Aim, objectives and layout of thesis

The study was part of a larger collaborative, multidisciplinary research initiative funded by
the VW Foundation under the title “Modelling of the domestic energy system based on
biomass energy in rural areas in southern Africa- BioModels” hereafter referred to as the
BioModels project. The aim of the overarching BioModels project was to contribute to the
knowledge about the energy and energy-technology requirements and choices made by low-
income, rural villages in southern Africa. The BioModels project consisted of five PhD
studies, each tackling different aspects of rural domestic energy systems. The five modules
addressed questions around existing rural energy utilisation patterns, the socio-economic
issues around and consequences of these energy choices, the existing technologies that are
widely used in rural communities and the dynamics of the savanna woodlands surrounding

these communities in response to their use-patterns. This PhD study tackled the last topic.

The aim of this study was to investigate the dynamics of fuelwood supply and demand, in
space and time, around selected rural communities in a South African savanna woodland.
“Rural community” refers here to the coupled socio-ecological landscape (Azar et al 1996),
consisting of a human settlement and the natural environment in which the residents conduct
their livelihood activities, specifically the extraction of fuelwood to meet their domestic
energy needs on communal land. An inter-disciplinary approach was used to assess the
dynamics of the biophysical fuelwood supply resource base and the human demand
characteristics of the coupled human wood-energy system. The general methodology
broached the fields of landscape ecology, involving fine-scale woodland biodiversity
assessments and remote sensing and social ecology. The broad objectives of the research

were split into three categories:

1.9.1 Objectives
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1.9.1.1 Changes in the fuelwood resource base:
1. Establish the woody biomass stock potential in the communal woodlands and evaluate

model predictions made about the sustainability of fuelwood harvesting in the rural

communities within the study area (addressed in Chapter 2)

2. Investigate the spatial dynamics of communal woodlands in the study area over time
(1965-2009) (addressed in Chapter 3).

1.9.1.2 Human fuelwood use patterns according to fuelwood availability
3. Investigate the strategies employed by rural households to secure access to fuelwood

where electricity is available (addressed in Chapter 4)
4. Investigate the main determinants of household fuelwood consumption characteristics
(addressed in Chapter 5)

1.9.1.3 Sustainability considerations
5. Based on the outcomes of the research, create a conceptual framework to explore

strategies for the sustainable utilisation of communal savanna rangelands as a

continued source of fuelwood in the study area (addressed in Chapter 6).

1.9.2 Structure of thesis
The content chapters, addressing objectives 1-4 (Chapters 2-5), were written in the format of

scientific papers ready for submission. Chapter 2 and Chapter 4 have already been submitted
to journals and are currently under review at Environmental Conservation and Energy Policy
respectively; Chapter 3 and Chapter 5 will shortly be submitted for publication. Because of
this, a modest level of repetition, especially in descriptions of the study site and motivations
for the studies, was unavoidable. Each chapter has been written such that the introduction
links back to and expands upon the literature that has been discussed thus far. The results are
described in detail and discussed with reference to their contribution to understanding
fuelwood dynamics in rural landscapes. The final chapter, Chapter 6, provides a synthesis of
the preceding chapters towards the greater understanding of the dynamics of rural fuelwood
supply-demand systems. The main outcomes of each of the preceding chapter are discussed
within the framework of improving the knowledge about the sustainability of rural wood-

energy systems in the future and South Africa.
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1.9.3 Approach to the study
The research is orientated towards contributing to the knowledge about the potential future

impact of the continued dependence of rural sub-Saharan communities on their natural
resource base for energy provision. It is understood that such ecosystem services are
generated at a range of spatial scales and are exploited by people at a range of institutional
scales (household, village, municipality etc) (Hein et al 2006, Shackleton et al 2007).
Furthermore it is recognised that the processes behind the supply and demand of biomass
energy as well their implications for sustainability will change depending on the scale at
which one is focusing. For example, at a national scale in South Africa the use of woody
biomass energy for domestic energy needs has been shown to be sustainable (von Maltitz &
Scholes 1993); however it has resulted in localised fuelwood shortages in rural communal

villages and may be ultimately unsustainable in these communities (Dovie et al 2003).

This project focused on the landscape level, with the village as the focal unit deriving benefit
from the woodlands. Although data on issues of demand and extraction of biomass energy
were collected at the household level, this was aggregated to village-level to show the impact
of the village on the dynamics of the woodlands in which it exists. The spatial extent of the
resource base was defined by the legal boundaries of the villages but also considering the
boundaries from the perspective of the village households, as determined by the spatial range

of their resource use-patterns.

Quantitative assessment of the standing woody biomass stock was carried out using standard
biomass inventory techniques. The woody biomass, size class distributions, species
composition and coppice representation were assessed along the utilisation gradient radiating
outwards from the village settlement area. These parameters were compared against the same
measurements taken in 1992 to assess how the woodlands have developed in response to
wood extraction. Demand for fuelwood was assessed using a standardised questionnaire
administered to a representative sample of households. This questionnaire was developed in
the course of the larger BioModels project. In South Africa it was applied to households as
well as in key informant interviews and focus group discussions. Empirical evidence from
the investigations into the present woody biomass supply and extraction/consumption by the

village were used to “test” the predictions of sustainability by Banks et al (1996) through

42



comparison with the baseline data. The findings of the empirical studies were supported by
evidence from the literature to assess the possible shortcomings of the Banks et al (1996)

model.

The traditional approach to describing biomass energy systems considered only the temporal
quantitative perspective of woodland biomass dynamics (Banks et al 1996, Shackleton 1993,
Dovie et al 2002). However, such models ignored for the most part, the spatial heterogeneity
of woody biomass supply that is an inherent part of the system. The spatial aspects of
fuelwood extraction matter because the configuration and quality of the remaining available
resource stocks influence the provision of ecosystem services by woodlands, villager welfare,
as well as decisions as to if and how the remaining woodland resources are to be used. It was
obvious that the spatial aspects could not be ignored and perhaps a major oversight of the past
has been the attempt to understand such socio-ecological systems in purely mathematical
terms. The spatial analysis of the woodland dynamics of the study area was carried out using
standard GIS techniques. The data were derived from time sequential aerial photographs of
Welverdiend and Athol, from 1965to 2009. The available database gives a decadal account
of landscape development for 1965, 1974, 1986, 1997 and 2009. Based on the land cover
change observed, transition matrices can be derived and projections into the future landscape
development carried out (Pontius et al 2004).

The use of this array of investigative techniques enabled the thorough investigation of the
status quo of rural household demand for fuelwood in South Africa and the impacts of that
use on savanna woodland structure over time. The policy implications of this demand were
explored as are the possible socio-economic factors that influence the inability of rural

households to transition to the use of electricity when it is provided.

1.10 Study area: Bushbuckridge

1.10.1 Biophysical characteristics
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This study was carried out in the Bushbuckridge Municipality in the Mpumalanga Province
of South Africa (centring on 31° 17° E; 24° 39’ S). The district falls between the Sabie River
in the south and the Klaserie-Orpen Road in the north. Bushbuckridge falls within the
Transition zone of the Kruger to Canyons Biosphere Reserve (Coetzer et al 2010).Rainfall is
received mainly in the form of convectional thundershowers and averages 650 mm per
annum in the west and 550 mm per annum in the east along a rainfall gradient. There is a
distinct rainfall season and this occurs the summer season (October to May). Drought is
common and prolonged droughts may occur every 10 years. Mean annual temperature is 22
°C, summers are hot, with a mean maxima 30 °C and winters are mild with a mean daily
maxima of 23 °C (Shackleton et al 1994). The topography of the region is described as
gently undulating with an average altitude less than 600m above sea level (Banks et al 1996).
Soils are underlain by granitic gneiss with local intrusions of gabbro.

The vegetation in the study area is defined as Mixed Lowveld Bushveld and is mostly
dominated by species of the Combretaceae (van Rooyen & Bredenkamp 1996). In this area
the vegetation is dominated by members of the Combretum and Terminalia genera
(especially T. sericea) as well as some Acacia species. The Marula (Sclerocarya birrea) and
sickle bush, (Dichrostachys cinerea) contribute significantly to the woody biomass in this
region (Shackleton 1997).

1.10.2 Land use and land tenure in Bushbuckridge
Savanna woodlands cover almost one third of the total surface area of South Africa (Low &

Rebelo 1996) and support almost 9.2 million people living in rural settlements (Shackleton
2000). These rural settlements are mostly located in the former homelands or Bantustans of
the Apartheid-era government. Bushbuckridge region was created from the consolidated
territories of two districts from two homelands, Mhala in Gazankulu and Mpulaneng in
Lebowa. The rural villages in what is now Bushbuckridge were mostly established on old
cattle-ranching farms, thus the initial village boundaries were defined by the cadastral
boundaries of the farm (Thornton, 2002). Traditional authorities in a hierarchical system of
chiefs and headmen were given limited administrative authority over these villages (Butler et
al 1978). Most of the land in Bushbuckridge therefore falls under State control and

customary communal land tenure, whereby the land around a given settlement or village is
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zoned by the traditional authorities into residential and arable plots. The rest of the
communal land is available to the residents of the settlement for the grazing of their livestock
and for harvesting of natural resources such as thatch, fruit, medicine and fuelwood and other
non-timber forest products (Shackleton & Shackleton 2000).

1.10.3 Bushbuckridge within the Kruger to Canyons Biosphere Reserve
The Kruger to Canyons (K2C) Biosphere Reserve was established in 2001 under the United

Nations Educational, Scientific and Cultural Organisation’s (UNESCO) Man and the
Biosphere Programme. The purpose of Biosphere reserves is to promote solutions to
reconcile the conservation of biodiversity with its sustainable use (UNESCO, 1996). The
communal settlements of Bushbuckridge were incorporated into the transition zone, outside
of the core conservation areas of the K2C Biosphere Reserve where they are hemmed in
between state and private-owned conservation areas. As such protected areas are the next
most common land use types in Bushbuckridge, either for nature conservation, commercial
game hunting or eco-tourism. In comparison with the surrounding communal woodlands and
rangelands, there is lower grazing pressure as well as resource harvesting pressure since they

are usually fenced off from the surrounding communities.

1.10.4 The socio-ecological context
As is characteristic of most former homelands, there is poor infrastructure in these rural

settlements, high unemployment and as a result, a high dependence on government social
grants, pensions and remittances from migrant workers (Shackleton et al 2005). Agricultural
production is low or sporadic at best due to poor soils and low rainfall. Because
unemployment is rampant households are forced to depend on informal income generating
activities such as agriculture, livestock, use and sale of natural resources from the communal
woodlands for their subsistence and livelihoods (Pollard et al 1998, Shackleton & Shackleton
2000, Twine et al 2002, Dovie et al 2002). Historically, high population growth rates were
characteristic of this region but this has declined rapidly over the last decade. Low household
incomes, linked to poor economic development and high unemployment, mean that
households in this region will remain heavily dependent on the communal woodlands as

sources of non-timber forestry products (NTFPs) to buffer them against the effects of poverty
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(Shackleton & Shackleton 2004, Kaschula et al 2005, Shackleton et al 2007a). This high
pressure on the limited communal woodland resource base needs to be appropriately
managed if this is to be sustainable. Unfortunately, the traditional and institutional regulatory
mechanisms that were once in play to control the extraction of these communal resources,

especially fuelwood are becoming progressively weaker (Kaschula et al 2005).

In direct response to the prevailing conditions of wide-scale poverty and poor economic
development, Bushbuckridge was specially mentioned by the South African Presidency as an
area needing special development intervention (Mbeki, 2001). Bushbuckridge was selected
as one of thirteen flagship nodes to pioneer the Integrated Sustainable Rural Development
Programme (RSA, 2000). These nodes were designated high-priority areas for accelerated
infrastructural intervention, including greater investment into improving household access to
electricity and running, potable water (RSA, 2000). Therefore the evaluation of the
continued dependence of communities within this area on fuelwood inspite of the heavy
investment into household electrification is pertinent in the future roll-out of similar

interventions in other high-poverty areas.

1.10.4 The case study villages: Welverdiend and Athol

Welverdiend and Athol are located in the north east of Bushbuckridge Municipality in
Mpumalanga Province, South Africa and can be found at 24° 35 S; 31° 20’ E and (24° 43°S
31° 21’E respectively (Figure 3.1). In this study the village was defined as the settlement
area, arable fields and communal woodlands encapsulated within the boundaries of the farm
upon which the original settlement was established. In most instances, these village fence-
lines or boundaries do not guarantee the exclusion of resources harvesters from neighbouring

villages. They are however recognised by the village residents.

Over 95% of the households in the villages have electricity and yet fuelwood is still the
preferred energy source for thermal applications such as cooking and heating, (Madubansi &
Shackleton 2006, 2007). Madubansi & Shackleton (2007) observed that most households
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spend more time collecting fuelwood per collection trip than they did 15 years earlier.
Madubansi & Shackleton (2007) also observed that more households were purchasing
fuelwood than before and that there had been a shift in the species collected, with a wider
variety collected presently than before; these are taken as indicators of increasing fuelwood
scarcity. Up to 93% of the total demand for fuelwood is not met by the available deadwood
produced in these woodlands; this demand is met by harvesting livewood (Shackleton &
Shackleton 2000). At least half the households in Welverdiend openly admit to livewood
harvesting, stating that there is insufficient deadwood available to meet their demands
(Madubansi & Shackleton 2007).

Welverdiend and Athol were the case study villages used by Banks et al (1996) to model
biomass supply and demand in a rural savanna village. They predicted that by 2007, unless
fuelwood demand lessened, the woodlands in Welverdiend would have been completely
denuded and in comparison, the woodlands in Athol would still be in a healthy state.
Madubansi & Shackleton (2007) have since shown that the demand for fuelwood in both
villages has not changed in the years between 1992 and 2002 and there has not been complete
deforestation around either Welverdiend or Athol. There is some evidence that the
woodlands around Welverdiend are also targeted by fuelwood vendors who sell fuelwood in
other villages but harvest from Welverdiend (Twine & Siphugu 2002). There is thus
continued high selective harvesting pressure on these woodlands. It is expected that this will
be reflected in changes in the structure and composition of the woodlands (Shackleton 1994).
Madubansi & Shackleton (2007) listed the preferred species for fuelwood, and noted those
that were perceived as becoming increasingly scarce. For Welverdiend, these were recorded
as Dichrostachys cinerea, Terminalia sericea, Dalbergia melanoxylon, Sclerocarya birrea,

Combretum collinum and C. imberbe.
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Chapter 2

2. A tale of two villages: assessing the dynamics
of fuelwood supply in communal landscapes
within the Kruger to Canyons Biosphere in
South Africa

Abstract

This study evaluates impacts of fuelwood harvesting from 1992 — 2009 on the woodland
structure and species composition surrounding two rural villages (Welverdiend and Athol)
with similar village spatial extents and socio-economic characteristics located within the
Kruger to Canyons Biosphere Reserve (Mpumalanga Province, South Africa). There has been
an overall decline in the total wood stock in the communal woodlands of both villages
(greater loss in Welverdiend) and a change in the woodland structure and species diversity of
species commonly harvested for fuelwood in Welverdiend but not in Athol. The woodlands
in Welverdiend have become degraded and no longer produce fuelwood of preferred species
and stem size in sufficient quantity or quality. The absence of similar negative impacts in
Athol suggests more sustainable harvesting regimes as a result of the lower human population
and lower fuelwood extraction pressure. The Welverdiend community has annexed
neighbouring unoccupied private land in a social response to fuelwood scarcity. Such actions
have also been documented in Athol during drought. The potential for future conflict with
neighbouring conservation areas within the Kruger to Canyons Biosphere is high if land-use

and fuelwood extraction are maintained.

48



2.1 Introduction

Fuelwood is the dominant source of energy used by most rural households in southern Africa
to meet daily domestic energy requirements, such as cooking, water and space heating (Biggs
etal 2004). In South Africa, the post-apartheid government implemented an accelerated
electrification programme to address the historical developmental imbalances in rural areas in
South Africa (DME, 1998). All households get a small free monthly allowance but most
rural households are unable to make effective use of additional electricity provided due to the
prohibitively high cost of monthly tariffs and electrical appliances (Williams & Shackleton
2002, Madubansi &Shackleton 2006). Fuelwood is free or cheap in comparison, saving
households the cost of using additional electricity against the backdrop of widespread poverty
(Shackleton & Shackleton 2002). Rural South Africa thus remains dependant on fuelwood
and without substantial changes in the local economy will continue to be so into the
foreseeable future (Williams & Shackleton 2000, Karekezi et al 2004).

Fuelwood supply-demand models have been used as tools to predict the long-term
implications of the fuelwood harvesting, at both national and local village scales in South
Africa. These models showed that at the national level, aggregate wood supplies are
adequate to meet demand (von Maltitz & Scholes 1995), but that fuelwood shortages occur at
a localised village level and the degree of scarcity varies (Shackleton et al 1994, Banks et al
1996). National models tend to overestimate the effectively available fuelwood supply since
they do not take into account the spatial location of the rural settlement or demand centres.
Often these models included data from commercial and natural forests or remote areas
inaccessible to the communities that require the fuelwood (von Maltitz & Scholes 1995,
Arnold et al 2006). Spatially explicit models operating across various scales, from national
through to district level, that capture the spatial variability of fuelwood supply relative to
demand-centres have been developed and applied in various countries including Mexico,
Senegal and Tanzania (Ghilardi et al 2009). These models are useful for identifying
“hotspots”, areas of critical fuelwood scarcity, on the landscape. Harvesting of livewood
stems occurs once the deadwood stocks become insufficient to meet local demand
(Shackleton 1993) irrespective of the local traditional and societal control mechanisms in
place to discourage this (Kaschula et al, 2005). In such situations, up to 90% of household

energy need is met by livewood harvesting (Shackleton 1993). This exerts a selective
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pressure on the communal woodlands as most harvesters select certain species and particular
size classes within these species (Luoga et al 2000). Over time, this may bring about a
change in size class distribution and increased mortality of target species (Luoga et al 2004)
as well as an overall decrease in species richness of the entire woodland (Shackleton et al
1994). At landscape level this should be evident by evaluating the long-term woodland
response to harvesting through reductions in stem density, changes in structural and species
composition (Frost 1996) and increased coppice re-growth, a survival mechanism against
damage to the stem through fire, herbivory and felling (Shackleton 2000).

Banks et al (1996) constructed and parameterised a predictive fuelwood supply-demand
model using empirical data collected from two villages, Athol and Welverdiend, in South
Africa in 1992. The model predicted that if fuelwood demand remained constant, wood
harvesting around Welverdiend village would be unsustainable, resulting in severe
deforestation by 2007. In contrast, harvesting in Athol would not result in negative change
in the local communal woodlands. The annual per capita wood consumption was similar for
both villages, at over 500 kg cap™yr. Banks et al (1996) provided baseline data for a long
term natural experiment that enabled us to quantify the environmental impacts of continuous
fuelwood harvesting on communal woodlands between 1992 and 2009, and to evaluate
whether the different trajectories of woodland development predicted by the model had been
realised. This paper examines the ecological impacts of 17 years of increasing fuelwood
harvesting on the communal woodlands of Athol and Welverdiend. The dynamics of
fuelwood supply against the backdrop of the contrasting projections of sustainable fuelwood
use in both villages were tracked (Banks et al 1996). Specifically, the aim was to assess the
impacts of increasing, continuous wood harvesting on fuelwood availability. The changes in
the total wood stock availability, woodland population structure and species diversity were
quantified. We also assessed the impact of fuelwood harvesting by measuring stem size

distribution and species diversity of harvested species within the communal woodlands.

2.2 Methods

2.2.1 Study Area
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The case study villages, Welverdiend (24° 35’S 31° 20°E) and Athol (24° 34’S 31° 21’E), are
located in Bushbuckridge Municipal District, in the Kruger to Canyons (K2C) Biosphere
Reserve (Figure. 1). Bushbuckridge consists of the consolidated area of two former
“homelands”, established by the South African Apartheid-era government (Thornton 2002).
Boundaries of village settlements are thus defined by the original boundaries of the farms
upon which the settlements were established and consist of a residential area and village
commons consisting of arable fields, and communal woodlands (Banks et al 1996). The
maintenance of fencelines in the case-study sites does not guarantee the exclusion of
residents from neighbouring villages. Agricultural productivity within the communal lands is
minimal; households engaging in this activity do so at a small-scale, growing crops and
vegetables to supplement food supplies or keeping livestock. Economic development is
marginalised, unemployment is rife, monetary income is low and human settlements are
densely populated, averaging 150-350 people km™ (Pollard et al 1998). Most villages have
access to electricity but fuelwood dependence remains high; over 90% of all connected
households use fuelwood to meet their thermal energy needs (Madubansi & Shackleton,
2006). There is a thriving trade in fuelwood in those villages where local reserves are
insufficient to meet the demand (Madubansi & Shackleton, 2007).

2.2.2 Land-use and land tenure
The communal village settlements of Bushbuckridge were incorporated into the transition

zone of the Kruger to Canyons Biosphere Reserve outside the core conservation areas
(Coetzer et al 2010). Village settlements fall under communal land tenure, wherein
traditional authorities apportion land-use rights to residents and zone the land into residential
areas, arable plots and communal woodlands (Shackleton & Shackleton 2002). The
communal woodlands are open-access, there is little effective regulation of natural resource
harvesting due to the waning power of the traditional chiefs (Kaschula et al 2005). The
woodlands provide a resource base for village residents to browse livestock and extract
various non-timber forestry products (Shackleton & Shackleton 2002). State or privately-
owned conservation areas are the next most common land use type in Bushbuckridge, used
for nature conservation, commercial game hunting or eco-tourism (Coetzer et al 2010).
Grazing and resource harvesting pressure in these areas is much lower than in the
neighbouring communal rangelands as a direct consequence of the land use and management

plans which prescribe lower stocking rates and exclusion of village residents.
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2.2.3 Village Development (1992-2009)
The number of households in both settlements has more than doubled since 1992; In

Welverdiend this figure rose from 564 (Banks et al 1996) to 1508;an increase of 56
households annum™ or 9.8% households annum™(Ruwadzano Matsika, unpublished data
2009). In Athol the increase was from 292 (Banks et al 1996) to 517, giving an average
increase of 13 households annum™ or 4.5% households annum™(Ruwadzano Matsika,
unpublished data 2009). Consequently the residential zones in both villages have expanded
outwards into the communal woodlands. Landcover change analysis using aerial
photographs of both villages from 1986/7 to 2009 revealed that 1000 ha of woodland area
was lost in Welverdiend compared to 300 ha in Athol (Ruwadzano Matsika, unpublished data
2011). Since the severe drought in the early 1990s residents of Athol have been allowed to
graze their cattle in the communal rangelands belonging to the neighbouring village of Utah
(Figure. 1, Giannecchini et al 2007). Welverdiend residents began to use and extract
resources from Morgenzon, an unoccupied private property on their western boundary
(Figure. 1) that was perceived to be “un-used” at the time (Rex Mnisi, personal

communication 2009). It is now considered part of the Welverdiend resource base.
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Figure 2.1. The locations of Welverdiend and Athol villages relative to the Kruger
to Canyons Biosphere Reserve and the Kruger National Park in South Africa. Clear
polygons show the extent of the original farm boundaries of each settlement.



2.2.4 Biophysical characteristics
The topography of the region is gently undulating with an average altitude < 600 m a.s.l.

The vegetation is Mixed Lowveld Bushveld, characterised by a mosaic of dense bushland on
the lowlands and open savanna woodlands on the uplands, dominated by species of
Combretum and Terminalia (van Rooyen & Bredenkamp 1996). Sclerocarya birrea and
Dichrostachys cinerea contribute significantly to the woody biomass (Shackleton 1997).
Rain falls in the austral summer (October to May) mainly in the form of convectional
thundershowers with mean annual rainfall of 600 mm. Drought occurs on average once
every decade. Mean annual temperature is 22 °C; summers are hot, with a mean daily
maxima of 30 °C and winters are mild and dry with a mean daily maxima of 23 °C
(Shackleton et al 1994).

2.2.5 Data collection
The authors of the baseline study provided the raw data describing woodland conditions for

each village in 1992 published in, amongst others, Shackleton (1993) and Banks et al (1996).
Therefore, the woodland sampling design in 2009 was modelled on the previous study to
allow for comparisons. Following Banks et al (1996) sampling was carried out along four
transects radiating outwards from the residential areas towards the border of the communal
lands of each settlement (Figure. 2). Each transect consisted of three rectangular 5x50m
(250 m?) plots. The near plot was placed 350 m from the last agricultural field or residential
stand. Agricultural fields were excluded from both studies as they were generally cleared of
all trees except for a few large indigenous fruit trees. The far plot was placed as close to the
village commons boundary as possible, in a representative patch of vegetation and the mid
plot was located mid way between the two. This method captured any effects of distance
from the settlement on resource-use, as has been observed in other studies in the region
(Shackleton et al, 1994, Fisher et al, 2012). The exact location of the original plots was not
recorded in the first study as such, the same sites could not be re-measured. However, GPS

points of all plot locations were taken to allow for future follow-up studies (Figure. 2).

Following the methodology used in the original study (Shackleton et al 1994, Banks et al
1996) the unit of measurement was woody stems not individual trees and every woody stem

was measured at 35 cm above ground level (basal diameter, BD). Forestry convention
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dictates measuring the diameter at breast height (DBH) at 1.3 m, is situations where the
dominant tree structure is multi-stemmed or coppice shrubs such as in this area, the taper and
form of tree stems at DBH may be irregular and BD may be a better reference diameter for
predicting tree characteristics (Chhetri & Fowler 1996). If the stem split/forked lower than
this point then the stems were measured as separate woody stems but if forking occurred after
this point (35cm above ground level) then it was considered a single stem. All stems
emerging from a chopped stump were measured. Data recorded for each woody stem
included species, diameter at 35 cm or just above the basal swelling, height, whether the stem
had been chopped and whether the stem was a coppice shoot. Only stems that had been
chopped within the last year where recorded as such; this determination was based on the
colour and freshness of the exposed wood (Luoga et al, 2002). This may have resulted in an
underestimate of chopping but the information provided a comparative index of harvesting
intensity between villages in 2009 and thus served its purpose. Species identification was
carried out by the authors, based on bark and leaf identification, with the assistance of a local
expert fully conversant with the tree species in the local xiTsonga or English common names;
where there was any uncertainty, a specimen of the bark and leaf was taken for identification
using the field guide and for comparison with the specimens in the WITS Herbarium. Stem
height and diameter were used to calculate woody biomass using Rutherford’s allometric
equation for mixed species woodlands [1] (Rutherford 1979). Stumps were also measured as
an indicator of past resource quality, data recorded included species, basal diameter and
stump height. Parameters were converted to per hectare density. All statistical analyses,

unless otherwise stated were performed using SAS Enterprise Guide v4.2.

Total biomass (kg): InY = -8.5997 + 1,0472x [1]

Where Y= total biomass, x= In (stem diameter)? * height (cm)

2.2.6 Data analysis:

2.2.6.1 Total wood stock
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Following Shackleton (1993) and Banks et al. (1996) the woodland area was divided into
three concentric ring-zones defined by the near, mid and far plots along each transect (Figure.
2). All spatial measurements and calculations were carried out in ArcGIS v9.3 (ESRI,
Redlands, USA) using 2009 aerial photographs of each village. Woody biomass
(aboveground biomass density, kg ha™) for each zone was calculated by averaging the plot
biomass densities of the near, mid and far plots respectively. The woody biomass sub-totals
for each ring were summed to give the total on-farm woody biomass stock. Proportional
change in woody biomass, relative to 1992 levels, was calculated to establish the magnitude

of change.

" Athol Schematic |

Zone baundary # m

Village hc:undary i Kilornaters
é Sample site 00204 08 12 13

Figure 2.2 Schematic map showing how the woodland sampling plots were positioned and
the woodland “zones” used to divide the communal woodlands into rings of average biomass
density around Athol .

2.2.6.2 Change in woodland structure and species composition
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The variables chosen to indicate changes in woodland structure were the average stem height
and diameter, woody biomass (kg ha™), number of woody stems, seedlings and coppice
stems. Following Luoga et al (2002), seedlings were defined as newly established shoots <
1 cm diameter, different from coppice resprouts, which were stems re-growing from stumps
or roots after some sort of damage, through cutting or otherwise, to the main stem. The
structural and functional stem-diameter classification put forward by Luoga et al (2002) was

used in this study to reflect the user-perspective of the woodland resource base.

e < lcm: new regeneration by seedling or resprouts
e 1to<4cm: “saplings”

e 4to<10cm: “poles”

e 10 to <20 cm: “small reproductive woody plants”

e >20 cm: “large reproductive woody plants”

The variables were tested for normality using the Kolmogorov-Smirnov test. After
examining the frequency distribution for woody stem diameter and height for both village
datasets the median value was deemed to be the best descriptor of central tendency as the data
did not follow normal distribution and were heavily skewed. Therefore the significance of
changes in average woody stem diameter and height were tested using the Wilcoxon Two
Sample test. The values for woody biomass and coppice stem density values were not
normally distributed so the log (In) transformation was applied to stabilise the variances.
Two sample T-tests were then used to assess the significance of observed changes in density
of the woodland parameters between 1992 and 2009. The proportions of coppice stems and
seedlings were calculated and since they were not normally distributed, these values were
arcsine transformed; the significance of changes with time was assessed using Two Sample
T-tests.

The Kolmogorov-Smirnov (KS) two-sample goodness-of- fit test were used to contrast stem
size class distributions (SCD) and assess whether overall population structure had been
altered. Paired t-tests were used to test differences in the mean stem densities of each size

class over time.
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The relevant methods described in Kindt & Coe (2005) were used to establish and test any
changes in species composition using Biodiversity R. (Kindt & Coe 2005) This statistical
software package, written in R, provides utility functions for statistical analyses of
biodiversity and ecological communities including diversity indices, species accumulation
curves and Renyi profiles (R Development Core Team, 2011). Species richness (S), the total
number of species observed, the Shannon-Weiner Diversity Index (H”) [1] and Simpson’s
Inverse Diversity Index [2] for each year’s dataset were used as metrics to describe diversity,

and displayed graphically on a Renyi diversity curve (Tothmeresz 1995).
H' = — XL pilogp; [1]
1/& = F [2]

p; = proportion of individuals of species in the community, R= the total number of species
in the community

The shape of the Renyi curve indicates evenness, the steeper the slope of the curve the less
evenly distributed are the species in that dataset. The Shannon-Weiner and Inverse
Simpson’s diversity indices can be read at a=1 and a= 2 respectively on the Renyi Curve.
Where the profile of one site is completely above the profile of another, the higher profile
curve shows the dataset with the higher species diversity. If the profiles intersect then there
is no distinction in diversity between datasets.

2.2.6.3 Changes in harvesting pressure patterns
The stem-diameter size-class frequency distributions of cut stems for each village in 2009

were compared against those of 1992 and tested for the significance of any observed
differences using the Two-Sample KS test. The density of cut stems in each size class for
each year were log transformed compared over time and tested for significant differences
using paired T-tests. The median stem diameters found in 1992 and 2009 were calculated
and compared to detect shifts in the size of available species using the Wilcoxon-Two Sample

test.
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2.2.6.4 Impact of harvesting pressure on species population structure and stability
The impact of harvesting on plant population structure was assessed by evaluating how stable

the stem-diameter size-class distributions (SCD) of harvested species (with cut stems) were
over time, compared to the SCDs of selected non-harvested species (no cut stems).

However, it was necessary to limit the analysis to those species that had sufficient data points
in both 1992 and 2009 datasets. SCD slopes were calculated according to Lykke (1998). A
least squares regression was carried out on the species SCD using class midpoint (In
transformed) as the independent variable and the average size class density (In (AveN+1) as
the dependant variable. The In-In transformed values were used as they gave the best
regression (Lykke 1998). The slopes of these regressions indicate the shape of the SCD slope
as well as the health and vigour of the population, a negative slope indicates an inverse J-
shaped curve, with abundant recruitment (seedlings and saplings) relative to other size
classes, as the slope value approaches 0, this suggests equal numbers of recruitment and
larger size classes (mature trees) and a positive slope indicates no or very low recruitment
densities and relatively abundant mature plants (Shackleton 1993, Lykke 1998). Following
Gaugris & van Rooyen (2010) Analysis of Covariance, ANCOVA (F-test), was used to
compare the regression slopes and intercepts for each village between both points in time
using GraphPAD Prism 5 (GraphPad software, San Diego, California, USA.

www.graphpad.com). If the slopes are not significantly different the software compares the

Y-intercepts, if these are not significantly different it calculates pooled slope and intercept

values to represent both datasets.

Biodiversity R was used to calculate species diversity indices for the harvested species in
both Welverdiend and Athol in 1992 and 2009. These were qualitatively compared to

describe how harvester species selection has changed over time in each village.

2.3 Results

2.3.1 Changes in total wood stock and woodland structure
The total standing wood stock of both villages declined over the period of interest (Table

2.2.1). The greater loss of wood occurred around Welverdiend (40% loss) compared to Athol

(12% loss. The high standard error values reflect the heterogeneity inherent to savanna
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communal woodland landscapes and incorporates the well-documented influence of catenal
effects (Venter et al 2003) and disturbance gradients (Shackleton 1993) although they are
not explicitly explored in this paper. The high variance may also be linked to the relatively
low plot sampling intensity at each site, a methodological limitation of the study upon which

this was based.
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Table 2.1. Total wood stock in the Welverdiend and Athol communal areas in 2009; sub-totals for each zone and total wood stock values are

givenin kg + SE.

Sampling zone Characteristics Welverdiend Athol
Near zone Wood biomass (kg ha™) 4,948 + 2,244 11,677 + 2,466
Area (ha) 443 550
Wood sub-total (* 10° kg) 2,194 + 995 6,419 + 1,355
Mid-zone Wood biomass (kg ha™) 3,251 + 708 18,652 + 5462
Area (ha) 497 655
Wood sub-total (*10° kg) 1,614 + 351 12,210 + 3576
Far-zone Wood biomass (kg ha™) 13,449 + 10,725 16,410 £ 3,214
Area (ha) 1,344 1,003
Wood sub-total (*10° kg) 18,068 +14,408 16,456 +3,223

Total wood stock 2009 (*10° kg)

Total wood stock 1992 (*10° kg)®

21,876 + 15,754
36,672 + 23,056

35,085 + 8,154
39,875 + 15,146

51992 values of total wood stock as given by Banks et al (1996).
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The increased stem abundance in Welverdiend is linked to the significantly higher abundance
of coppice stems within the woodland population (Table 2.2), specifically within the sapling
size class, which has increased in abundance between 1992 and 2009 (Figure. 3a, Df=19, t=-
2.01, p<0.05). There were fewer woody stems belonging to the larger size classes, the most
significant decrease being the 89% drop in density of small reproductive stems (DF=19,
t=2.12, p<0.05). The average woody stem in Welverdiend is significantly taller but narrower
in diameter than in 1992 (Table 2.2).
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Table 2.2 Comparison of woodland structural parameters for Welverdiend and Athol in 1992 and 2009 using the Wilcoxon Two-Sample and the
Student’s T-test. Unless otherwise stated all values presented are the mean = S.E. * indicates a significant result.

Woodland structural Welverdiend Athol
characteristics
1992 2009 Results 1992 2009 Results

Median stem diameter (cm)  2.5+0.1 23+01 Z=4.86 *** 2.2+0.1 2.2+ 0.1 Z=0.18

KS D=0.17*** KS D=0.14*
Median stem height (cm) 109.0+ 2.7 132.0+£2.0 Z7=-8.36 *** 103.0+3.4  150.0£ 2.1 Z=-9.93*

KS D=0.14*** KS D=0.19*
Median harvested stem 6.2+0.4 2.2+0.1 Z=15.2%** 57+£0.2 6.1+ 0.3 Z=-0.36
diameter (cm) KS D=0.89*** KS D=0.19*
Wood biomass (kg ha™) 5,927+ 3,333 4,168+ 974 Df=19, t=0.57 6,383+3016 15,578+2,230 Df=19, t=-2.51*
Stem density (stems ha™) 4,997 +610 6,460+ 706 Df=19, t=-1.5 4,069+588  8,290+1,348 Df=19, t=-2.56*
Seedling density (stems ha-1) 864+ 189 727+ 205 Df=19, t=0.48 844+198 8204221 Df=19,t=0.08
Harvested stem density 612+ 113 473+ 133 Df=19, t=0.76 627+190 1,323+279 Df=19, t=-1.76*
(stems ha-1)
Coppice density (stems ha-1) 291+ 101 873+216 Df=19, t=-2.36* 405+208 760+279 Df=19, t=-0.96
Coppice % (% of all stems)  6.6% +2.5%  15.6% +2.8% Df=19, t=-2.36* 9.9%+52% 7.4%+16%  Df=19,t=0.54
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Both stem density and wood biomass (kg ha™) around Athol more than doubled (Table 2.2)
yet standing wood stock in 2009 is 12% less than in 1992 (Table 2.1); as observed around
Welverdiend, increased stem density is linked to the increase in the sapling size class (189%,
Figure. 3b, DF=19, t=-2.74, p<0.05). However, for Athol this is not because of coppice
regeneration, as there is no significant change in absolute coppice abundance or proportion
(Table 2.2). This suggests that conditions within Athol may be conducive to high survival
rates of saplings (perhaps due to lower fire frequency or intensity) as well as high recruitment
of seedlings into this size class. There are significantly more small trees (150%, Figure. 3b,
DF=19, t= -2.40, p<0.05) and slightly higher numbers of large trees (not significant)
surviving to produce seeds and this may account for the sharp rise in seedling and sapling
abundance. There has been no change in the abundance of poles in Athol (Figure. 3b,
DF=19, t=-0.35 p>0.05).

2.3.2 Changes in woodland species composition
The species-abundance rank order of all woodland species in Welverdiend has changed; with

lower stem densities for A. harveyi and D. cinerea (Figure. 4a) although they have
remained the most dominant species, together accounting for 53% and 37% of all observed
stems in 1992 and 2009 respectively. The biggest increases in abundance were observed for
Terminalia sericea (725%), Ormocarpum trichocarpum (357%), Acacia nilotica (182%),
Combretum hereroense (150%) and Acacia exuvialis (133%), (Figure. 4a). Species richness
(S) and diversity measured by the Shannon-Weiner Index (H’) and Simpson’s Inverse Index
(S”) for Welverdiend were higher in 2009 than in 1992 (Figure. 5a, S1992=28, S2009=40,
H’1992=2.37, H’2009=2.76, S’1997= 5.889 and S’5009=9.723).
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according to abundance in 1992.



The Athol woodlands have been consistently dominated by T. sericea and D. cinerea stems
over time (Figure. 4b). Like Welverdiend, the changes in the abundance of lower ranking
species in the rank abundance diagrams account for the different abundance profile,
particularly increases in Combretum apiculatum, Flueggea virosa, Strychnos
madagascarensis, Acacia gerrardii, Gymnosporia buxifolia, Acacia nigrescens and
Sclerocarya birrea. The Renyi curve indicates that there has been no clear or significant
change in species richness and diversity in the Athol woodlands since 1992. (Figure. 5b,
S1992=33, S2000=34; H’1990=2.65, H’2009=2.71 S’199,=8.52 and S’5009=10.44).
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Figure 2.5 The Renyi profiles for a) Welverdiend and b) Athol display the species diversity
information for each village dataset in 1992 and 2009 respectively. Shannon-Weiner and
Inverse Simpson's diversity indices can be read at alpha (x-axis) =1 and 2 respectively.
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2.3.3 Change in harvesting pressure patterns over time
The decreased availability of larger stems for fuelwood in Welverdiend is reflected in the

significant decrease in the average diameter of harvested stems and the predominant

harvesting of smaller stem size classes (Table 2.2, Figs 3a, 6a). There are significant

differences in the stem Size Class Distribution (SCD) of harvested stems in Welverdiend (KS

D=0.89, p<0.0001); no woody stems larger than 10 cm in diameter (trees) were chopped in
2009, although this may be due to the reduction in abundance of individuals from this size

class. In Welverdiend, saplings rather than poles were most commonly harvested of all

observed stems and for the first time seedlings also showed evidence of harvesting (Figure.

6a). There has been little change in the number and diversity of harvested species in
Welverdiend (S1992=12, S2000=13, H’199,=2.00, H’2005=1.99, and S’199,=5.30, S’2009=5.29).
Eight species were commonly harvested in both 1992 and 2009, (Figure. 7a). The four
species that are no longer harvested in 2009 were already low in abundance in 1992 (<50
stems ha™, Figure. 4a). Three of these species (Acacia caffra, Euclea divinorum and
Combretum molle) were not observed in the 2009 survey the fourth, Philenoptra violaceae

has persisted in Welverdiend, but declined in abundance (Figure. 4a).
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Poles remain the most harvested size class in Athol (Figure. 6b, DF=19, t= p>0.05); with no
change in the median diameter of harvested stems (Table 2.2). This is concurrent with the
persistence of this size class within the woodland population (Figure. 3b). Stems from all
five functional size classes showed evidence of harvesting where previously only saplings,
poles and small trees were harvested, resulting in a significantly different SCD curve shape
(KS D=0.19, p<0.01). There has been an increase in the diversity and richness of harvested
species in Athol (S1992=13, S2000=20; H’1992=1.448, H’2009=2.146; S’199,=2.313, S’2000=5.304).
It is not clear whether this is in response to decreasing abundance but A. exuvialis and D.
mespiliformis had very low stem densities in 2009 and no stems belonging to either species
were harvested. In contrast A. nigrescens has increased in abundance in Athol since 1992

with a concurrent switch to harvesting this species in 2009 (Figure. 6b).

2.3.4 The impact of harvesting on species SCD and population dynamics
The results of the SCD slope comparison analysis for Welverdiend showed that irrespective

of species harvesting and the length of time over which harvesting was observed, that is,
either only in 1992 or 2009 or in both years, there was no significant difference in the SCD
slope values between 1992 and 2009 (Table 2.3). The ANCOVA therefore produced pooled
slope and intercept values for all species (Table 2.3), the pooled slope values were used to
categorise the species into four groups, based on the classification used by Obiri et al (2002).
This classification was also applied to the ANCOVA results for Athol.

Group 1 species had flat SCD slopes > -0.04 and approaching 0 (Table 2.3). These species
are consistently low in abundance within the woodlands with overall densities < 120 stems
ha™ (Figure. 4a). The populations are characterised by poor seedling and sapling
recruitment (density < 60 stems ha™) and the absence of stems larger than poles. The
majority of the remaining species fell into Group 2 (Table 2.3), with SCD slope values
between - 0.04 and -0.1. Stem densities in the smaller size classes of this group are still low
but comparatively higher than those in Group 1. There is poor survival of woody stems into
the seed-bearing size classes (stem diameter >10cm). Group 3 species had SCD slope values
ranging between -0.1 and -0.2; in Welverdiend only A. harveyi and D. cinerea had slope
values consistently steep enough over time to qualify for this group. The relatively high

slope and y-intercept values for this group denote that there is vigorous recruitment of the
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seedling and sapling size classes and also survival into the seed bearing size classes. Albizia
harveyi and D. cinerea are the most abundant and also the most frequently harvested species
in Welverdiend (Figure. 4a, Figure. 7a). These species coppice prolifically in response to
harvesting and this may account for the high seedling and sapling densities, as there was a
noticeable absence of seed-bearing stems in 2009.
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Table 2.3 Stem size class frequency distribution and Size Class Distribution slope comparisons for Welverdiend woodlands in 1992 and 2009.
Regressions were compared for significance using ANCOVA.

SCD regression analyses

SPECIES 1992 2009 Slope comparison Intercept comparison Slope
classification

2 2

Harvest duration Slope Intercept r Slope Intercept r p-value Pooled p-value Pooled Group
slope intercept
Albizia harveyi 1992/2009 -0.11  4.92 0.79 -0.10 4.32 0.56 0.96 -0.11 0.61 4.62 3
Dichrostachys cinerea 1992/2009 -0.10 4.30 061 -0.11 451 061 094 -0.10 0.91 441 3
Combretum collinum 1992/2009 -0.07 331 0.82 -0.04 203 0.21 0.67 -0.06 0.33 2.67 2
Acacia exuvialis 1992/2009 -0.08 3.14 056 -0.09 3.69 0.52 0.82 -0.08 0.76 341 2
Acacia gerrardii 1992/2009 -0.07 3.06 0.60 -0.02 1.03 0.17 0.32 -0.05 0.17 2.05 2
Combretum apiculatum 1992/2009 -0.05 245 0.88 -0.03 1.29 0.17 0.63 -0.04 0.26 1.87 1
Combretum hereroense 1992/2009 -0.03 1.30 021 -0.05 204 0.36 0.69 -0.04 0.60 1.67 1
Terminalia sericea 1992/2009 -0.04 2.05 0.84 -0.08 3.66 0.60 0.37 -0.06 0.21 2.85 2
Philenoptra violacea 1992 -0.04 1.72 061 -0.01 0.72 0.14 0.0 -0.03 0.26 1.22 1
Sclerocarya birrea 2009 -0.05 2.26 0.47 -0.05 204 0.50 0.86 -0.06 0.89 2.15 2
Acacia nilotica Not harvested -0.02 0.90 0.33 -0.06 2.63 0.56 0.34 -0.04 0.13 1.76 2
Dalbergia melanoxylon Not harvested -0.05 221 0.35 -0.07 2.82 0.57 0.84 -0.06 0.59 247 2
Ehretia amoena Not harvested -0.05 2.20 051 -0.05 200 041 094 -0.05 0.86 2.09 2
Ormocarpum trichocarpum  Not harvested -0.05 1.94 0.35 -0.07 292 041 0.72 -0.06 0.58 243 2
Diospyros mespiliformis Not harvested -0.05 1.99 0.87 -0.02 0.85 0.67 0.39 -0.03 0.17 1.42 1
Grewia flava Not harvested -0.04 154 0.36 -0.04 1.73 0.27 0.92 -0.04 0.91 1.63 2
Zizyphus mucronata Not harvested -0.03 135 0.36 -0.02 0.73 0.20 0.57 -0.03 0.56 1.04 1
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The species population structures of all the assessed species in Athol have remained stable
since 1992 with no significant changes observed in the SCD slope comparisons (Table 2.4).
Based on the classification used by Obiri et al (2002) and applied to Welverdiend, all
woodland species in Athol fell under Group 4 except D. mespiliformis which was classified
as a Group 2 species (Table 2.4). Group 4 species have clearly inverse J-shape distribution
curves with high persistence of stems into the larger seed-bearing size classes and high
recruitment vigour with high density in the seedling and sapling size classes. Asin
Welverdiend, harvesting pressure or the duration of harvesting has had no discernable impact
on species stem diameter distribution and the population structures have remained stable
since 1992. Diospyros mespiliformis (Group 2) has had persistently low stem densities since

1992 (Figure. 4b), particularly in 2009 with an absence of seedlings.
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Table 2.4 Stem size class frequency distribution and Size Class Distribution slope comparisons for Athol woodlands in 1992 and 20009.
Regressions were compared for significance using ANCOVA.

SCD regression analyses

SPECIES 1992 2009 Slope comparison Intercept comparison Slope
classification

2 2

Harvest duration Slope Intercept r Slope Intercept r p-value Pooled p-value Pooled Group
slope intercept
Terminalia sericea 1992/2009 -1.19  6.67 0.76 -1.20 6.76 0.70 0.99 -1.20 0.92 6.72 4
Acacia exuvialis 1992/2009 -1.26  5.65 091 -0.24 1.29 0.13 0.05 -0.75 0.14 3.47 4
Combretum collinum 1992/2009 -0.27  1.96 -0.08 -0.90 4.14 0.75 0.35 -0.58 0.74 3.05 4
Combretum apiculatum 1992/2009 -0.83 4.26 068 -1.14 6.13 0.62 0.63 -0.98 0.28 1.38 4
Dichrostachys cinerea 1992/2009 -141  6.64 0.88 -1.17 6.45 0.71 0.66 -1.29 0.47 6.54 4
Dalbergia melanoxylon 1992/2009 -1.35 6.46 090 -1.15 5381 0.87 0.60 -1.25 0.92 6.14 4
Combretum hereroense 1992/2009 -0.18 1.27 0.08 -0.28 1.49 0.13 0.86 -0.22 0.91 1.38 4
Flueggea virosa 1992/2009 -1.21 531 086 -1.39 6.34 0.82 0.72 -1.29 0.43 5.83 4
Acacia gerrardii 1992/2009 -0.83 3.49 079 -1.34 6.14 0.89 0.21 -1.08 0.08 4.82 4
Sclerocarya birrea 1992/2009 -0.78 3.72 091 023 1.69 0.07 0.32 -0.50 0.62 2.70 4
Diospyros mespiliformis 1992 -0.14 104 0.08 -0.05 0.43 0.05 0.76 -0.09 0.41 0.74 4
Strychnos madagascarensis 2009 -0.84 4.03 0.68 -1.33 6.65 0.98 0.22 -1.09 0.06 5.34 2
Gymnosporia buxifolia 2009 -0.75  3.72 030 -1.27 6.01 0.74 0.09 -1.01 0.14 4.87 4
Vanguerai infausta Not harvested -0.73  3.37 0.88 -0.19 1.28 0.10 0.20 -0.46 0.44 2.33 4
Acacia nigrescens 2009 -0.53 2.50 080 -0.59 3.29 0.44 0.88 -0.56 0.31 2.89 4
Ehretia amoena 1992 -0.62 2.64 0.80 -0.94 4.42 0.80 0.37 -0.78 0.11 3.53 4
Philenoptra violaceae 1992 -045 1.91 0.79 -1.06 4.72 0.86 0.07 -0.76 0.09 3.32 4




2.4 Discussion

2.4.1 Woodland degradation and the sustainability of fuelwood harvesting

in communal landscapes
Communal savanna landscapes are complex, disturbance-driven, socio-ecological systems in

which humans are the main agents of structural and functional change (Giannecchini et al
2007). Disturbance here is fuelwood harvesting which is deemed unsustainable if it results in
persistent changes in the woodland structure, such that the quality of fuelwood is diminished
for a length of time that is inconvenient to the users, resulting in a decline in their social and
economic capital (Shackleton et al 1994, Scholes 2009). By this definition the predictions
made by Banks et al (1996) have been upheld. The fuelwood resource around Welverdiend
has become degraded with systematically smaller stems being harvested due to the dearth of
more suitable stems within the woodlands. Conversely, woodland harvesting patterns have
not changed at all in Athol indicating the maintenance of the resource at desired levels.
However, the mechanisms behind the apparently divergent woodland-harvest response
trajectories are not as predicted. Complete woodland denudation has not yet occurred around

Welverdiend two years after the date predicted by Banks et al (1996).

Fuelwood availability is a function of woody stem density, size class distribution, and
harvestable resource area. For Welverdiend, stem density and the woody biomass have not
changed significantly. The absolute loss of wood stock may be partially explained by the
disappearance of large trees, most likely due to felling, that have been replaced by a
proliferation of coppice stems that do not contribute as much to the total woody biomass
stock value thus accounting for the slight decrease in wood density in Welverdiend. The
changes in the size class distribution for Athol indicate greater seedling recruitment and
survival to the larger size classes. The higher wood density is due to the preservation and
increase in abundance of individuals within the larger size classes, including the pole size
class which is usually the target size class for harvesting (Luoga et al 2000). Despite these
very different woodland structural developments, the total amount of wood available for both
villages has decreased. This indicates woodland clearing, driven by human population
growth in both villages, to create space for agriculture and outward residential expansion
(Giannecchini et al. 2007). With over 1000 ha woodland area lost around Welverdiend and
300 ha around Athol (Matsika, Ruwadzano Matsika unpublished data 2011), landcover
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change partially accounts for the decline in total woody biomass in both settlements.
However in Athol, the decline has occurred in spite of a large increase in stem density.
While confident that some of the decline can be linked to woodland area, it is acknowledged
that this highlights shortcomings in the accuracy of the methods used to determine area in the
initial study. Furthermore, as the woodland areas have shrunk, the spatial location of sample
sites has moved. Given the high spatial heterogeneity of savanna landscapes, the high
variance between the two studies, especially in Athol, may also be as a result of comparing
sites that have moved spatially over time. The methodology described in the original study
prescribed the location of plots at a set distance from the last residential stands until the
village fencelines but not the exact coordinates (Banks et al. 1996). However as the village
residential area has expanded outwards with increasing human populations, this means the
location of the follow-up study sites have moved outward, but remain near, mid and far with
reference to distance from the human settlement area. Following up on this study meant
following the same methods, even though there was this inherent weakness in the design
study. Similar studies should endeavour to control for this by establishing permanent plots
of known location that can be revisited and re-evaluated in the future. Because this study was
conceived as a follow-up study of Banks et al (1996), the choice of methods and analysis,
including the allometric equations that were used were constrained by those used originally.
It is acknowledged that Rutherford’s allometric equations, which were developed for
different species and different growth forms (Rutherford 1979), may not be the best
allometric equations to calculate woody biomass for this study area. These equations are
better suited for undisturbed trees rather than the stems of coppicing shrubs such as in the

woodlands of Athol and Welverdiend.

Increasing human populations, alongside landcover and land-use change have been identified
around other African settlements as being the major drivers of deforestation rather than
targeted harvesting for fuelwood or timber (Cline-Cole et al 1990). Fuelwood harvesting has
contributed to degradation and the loss of stock around Welverdiend, where degradation,
following Scholes (2009), refers to a decline in the ability of the woodlands to provide
fuelwood. The observed biophysical changes are a reflection of the higher harvesting
pressure per unit area of remaining woodland in Welverdiend compared to Athol, as the
harvestable area gets smaller and the human population depending on it increases (Cline-Cole
etal 1990).
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The extent of woodland degradation is highly dependent on the social context within each
settlement and includes changes in species composition and structure. The disappearance of
certain species, together with prolific coppicing of others has brought about changes in the
species composition profiles of both village woodlands. Since data were collected at stem
level and not aggregated to individual tree or shrub, the observed changes reflect changes in
the species diversity of the available stems (fuelwood resource). Species switching is a
common response to scarcity of the preferred resource (Luoga et al 2000). Harvesters in
Athol have switched from mainly harvesting T. sericea to previously ignored species such as
A. nigrescens. This may be a direct response to the decrease in absolute abundance of this
species within the woodlands (Figure. 4b) and may have reduced the impact on the
fuelwood resources (Luoga et al 2002). That there was no change in the diversity of species
harvested in Welverdiend despite the decline of certain species reflects the dominance of A.
harveyi and D. cinerea. The other species are in such relative low abundance to these two

that they stand less chance of being harvested.

With time, harvesting has resulted in significantly different stem frequency distributions in
Welverdiend manifesting as a measureable decline in the quality of available fuelwood. The
lack of individuals in the larger size classes in 2009 is most likely due to the effects of past
selective harvesting practices and overharvesting of the preferred pole size class of stem
(Luoga et al 2000). The lower abundance of woody stems within the larger, more optimal
size classes in turn may have forced a switch to harvesting predominantly available smaller
stems (Luoga et al 2000). Selective harvesting behaviour is also evident in Athol where the
sapling size class is the most abundant but the pole size class was most harvested. Similar
mechanisms were observed elsewhere in South Africa by Gaugris & van Rooyen (2010).
Ultimately this will lead to the loss of heterogeneity in Welverdiend as the landscape
becomes increasingly dominated by species that flourish on high-impact use landscapes such
as D. cinerea, A. harveyi and T. sericea but are limited to the lower size classes due to the
high harvesting pressure (Scholes 2009).

2.4.2 Woodland persistence in response to fuelwood harvesting
The loss of seed-producing trees in Welverdiend, which has not occurred in Athol, may be

linked to the low seedling densities in the former. Both woodlands are dominated by stems <
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4 cm in diameter, suggesting a high regenerative capacity but the regenerative mechanism
differs for each village. In Welverdiend this is occurring via the coppice response to
harvesting, whereas in Athol the woodlands seem to be persisting due to seedling
recruitment. Although the coppice response may compensate for the lost stems in terms of
numbers, the loss of seed-producing plants may have implications for future woodland
persistence. The long term ecological stability of this loss has yet to be established since the
effects of continuous harvesting on coppice regrowth vigour in savanna systems have been
little studied (Shackleton 2000). The dbh of the pre-cut stems influences the coppice
regrowth vigour, as well as the survival of the resprouts (Shackleton 2000), the trend towards
cutting smaller stems may have an influence on the ability of the stems to survive through
coppicing. Furthermore, if recruitment and therefore persistence is occurring as a result of
the coppice response, this may leave the woodland population vulnerable to extreme events

such as droughts, disease or fires.

2.4.3 Plant population dynamics
SCD slopes are used as an indicator of population structure and health, summarising in a

single number the relative regenerative vigour of a species population (Lykke 1998, Obiri et
al 2002). Tracing changes in SCD slopes over time can be used as an indicator of species
population dynamics (Gaugris & van Rooyen 2010). The results of the ANCOVA of the
SCD slopes of both villages showed that the population characteristics and regenerative
vigour of the woodlands around both Welverdiend and Athol have remained at 1992 levels.
Per capita demand for fuelwood had not changed significantly since 1992 (Madubansi &
Shackleton, 2006). There has been an increase in human population numbers and a decrease
in available fuelwood yet harvesting intensity has not increased in either village. However,
the classification used by Obiri et al (2002) does not adequately incorporate the differing
functional ecology of the tree species within the study area. These species range from re-
seeders (e.g. Sclerocarya birrea) to resprouters, with varying degrees of shade tolerance,
palatability to livestock and different uses (such as Pterocarpus for timber and carving).
These factors, together with the differing land-use histories in both villages suggest caution in
drawing wide assumptions about the influence of village social conditions on plant

population dynamics based on the analysis recruitment curves
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If the different observed impacts are not contradictory, then the two villages are examples of
communal landscape development at different points along the same trajectory. This leads us
to identify potential for future conflict between village communities and conservation
practitioners (private and government-owned) within the area, given the well-documented
resentments and tensions over natural resource sharing (Pollard et al 2003). There is an
urgent need for the development of more inclusive land management plans, provided that this
does not result in the diminishing of ecosystem services (Scholes 2009). This needs to be
balanced with the conservation mandate of the K2C Reserve, as the social needs of the
communities, if not pre-emptively managed present a real threat. Greater investment is
required into mechanisms to reduce fuelwood demand through the use of more energy-
efficient, low-cost woodstoves or energy alternatives. Alternatively, methods to manage
supply via integrated agro-forestry systems, the development of woodlots using indigenous
tree species and through integrated rotational harvesting and coppice- management in the

communal woodlands need to be investigated.

2.5 Conclusion

The impacts of fuelwood harvesting on vegetation structure and species composition in the
communal woodland vary significantly depending on the unique social characteristics within
that settlement. The absolute loss of standing woody biomass in each village is linked
woodland clearing for residential space as the human populations have increased. The
decreased density of stems in the preferred size classes for fuelwood in Welverdiend suggest
that the woodlands have become degraded in their ability to provide fuelwood. Communities
change their resource use behaviour and seek alternatives before the collapse of the woodland
resource, whether it is a favoured species or the communal woodland itself. While the
resilience of savannas to disturbance has been widely acknowledged in resource
management, the resilience of resource users has been under-appreciated. This highlights
the need to view these rural areas as complex, adaptive socio-ecological systems when

assessing sustainability of resource use.
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Chapter 3

3. Cultural landscapes in motion: Tracing
changes in land-use and land-cover and
communal woodland loss in rural South
Africa (1965-2009).

Abstract

Changes in human social and political sub-systems, operating at different scales in space and
time, have a direct impact on landcover patterns. This study investigated landcover change
processes occurring in two communal rural villages, in South Africa that were created as part
of the forced resettlements of the Apartheid Era government of South Africa in the 1960s
These two villages were established in semi-arid savanna areas on undeveloped farms. Land-
cover change in each village was traced from 1965 to 2009 using aerial photographs at
approximately decadal time-slices. There was greater conversion of Mixed Woodlands to
other landcover classes in Welverdiend (48%) than Athol (25%) over 44 years. The
systematic loss of woodland areas to agricultural fields was a common characteristic in both
villages and residential areas expand outward into land that has already been cleared (such as
Cropland or Parkland). A systematic pattern of degradation from the natural woodland
vegetation to cleared, open land for agriculture was identified which showed that woodland
clearing (deforestation) is most likely to occur where there has been some level of prior
human disturbance and degradation, through selective harvesting for fuelwood for example,

The land-cover change trends reveal potential landscape dynamics for the future.

3.1 Introduction

Land-use and land-cover change processes are inter-linked but not synonymous; the manner
in which human beings make use of the land often shapes land-cover (Mwavu & Witkowski
2008). In human-modified landscapes, ecological, socio-economic and cultural factors

interact to create reflexive feedback mechanisms over time, aggregating at different
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hierarchical spatial scales to create “cultural landscapes” (Farina 2000). Current cultural
landscapes are a product of the constant reorganisation of landcover elements in space and
time, as a result of, and in adaptation to, past societal needs and land-use patterns (Antrop
2005, Carr & McCusker 2009). Thus changes in human land-use systems can be traced
through changes in land-cover patterns in human-populated landscapes (Geist & Lambin
2002). Current cultural landscapes are a product of the constant reorganisation of landcover
elements in space and time, as a result of, and in adaptation to, past societal needs and land-
use patterns (Antrop 2005, Carr & McCusker 2009). Land-cover, land-use and land-based
livelihood strategies are inextricably linked in these landscapes (Carr & McCusker 2009) and
are shaped by historical and on-going socio-political activities (King 2011). Thus past and
current land-use and land-cover change (LUCC) processes have a direct bearing on the future
sustainability of socio-economic development (Fox et al 1995, Lambin et al 1999, King
2011) and natural resource use (Lambin 1999). Rural communal landscapes in South Africa

are prime examples of cultural landscapes within this context (Giannecchini et al 2007).

Communal rural areas cover approximately 6 million ha and support over 2.5 million
households (van Horen & Eberhard 1995, Shackleton et al 2001) in South Africa. These
settlements consist predominantly of the remainders of the former Bantustans or homelands
created by the Apartheid-era South African government (May 2000). Few studies have
investigated how rural settlements in former Bantustan areas have developed spatially since
establishment in the 1960s (Giannecchini et al 2007, McCusker & Ramudzuli 2007, Botha &
Donaldson 2000). This is surprising, given the link between land-use and land-cover change
(LUCC) and shortages in natural resource availability (Fox et al 1995). If these communities
develop coping strategies in response to crisis and resource-scarcity, they are short-term in
nature and ultimately unsustainable (Adams et al 1998, cited in Giannecchini et al 2007),
leaving rural households increasingly vulnerable to future environmental change
(Giannecchini et al 2007). There is great value in quantifying and understanding past land-
cover change processes within these rural settlements. This information could aid the
prediction of future land-cover patterns and the identification of potential trouble spots, thus
enabling stakeholders to develop effective sustainable resource management plans as well as

inform socio-economic development interventions (Lambin et al 2003).

3.1.1 Land-cover change detection
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Land-cover change detection analyses may be carried out using either field-based
observations or multi-date comparisons of remotely-sensed data such as satellite images and
aerial photographs. Field-based observations, which have been addressed elsewhere within
this thesis provide exhaustive quantitative descriptions of vegetation structure and species
composition but with few or no indicators of the spatial nature of any observed change (Petit
et al 2001, Coppin et al 2004). Analysing land-cover change in a spatially relevant way
requires the use of historical databases of remotely-sensed data, comparing the land-cover
composition over time and analysing change trajectories (Mertens & Lambin 2000, Coppin et
al 2004). Multi-spectral satellite images are commonly used in these analyses (Lu et al 2001,
Coppin et al 2004) but their use in historical comparisons is constrained by non-availability
before the mid-1970s (Coppin et al 2004) and the coarse spatial resolution of early imagery
which may result in the loss of information about fine-scale, local changes over relatively
small areas, such as village-level dynamics (Gennaretti et al 2011). For such analyses aerial
photographs provide a better option for assessments of landcover change (Petit et al 2001).
Lambin (1997) suggests that characterising change in a given landscape requires the
measurement of the rates, location, spatial patterns and temporal characteristics of any
observed changes. Furthermore, land-cover changes may result in the complete conversion
of a particular land-class (Grainger 1999, Khorram et al 1999), change shape or size or shift

location on the landscape (Khorram et al 1999).

Large-scale LUCC assessments are used to monitor and quantify changes occurring at the
ecosystem level irrespective of the causal agents of the observed changes (Lambin et al 2003,
DeFries et al 2004, Coppin et al 2004, Pereira & Cooper 2006). Such landcover changes
filter down to impact ecosystem service delivery to human beings at a much finer scale of
spatial organisation (Lambin et al 2003). Monitoring these LUCC processes thus becomes
particularly relevant in rural landscapes where livelihood strategies are linked to access to
land (Shackleton et al 2001). The value of LUCC assessments at the fine-scale village or
community level, where humans are the identified principal agents of change (McCusker
2004), rests in the ability to detect how human activities shape and bring about changes in the
landscapes (Lambin & Meyfroidt 2010) and conversely how these landcover changes affect
human wellbeing (Antrop 2003) These socio-ecological feedbacks between land use\cover
and negative change in the quality of ecosystem services provided by the landscape are often
linked to degradation that occurred previously as a result of historical land-use regimes
(Lambin & Meyfroidt 2010). These coupled socio-ecological system impacts and feedback
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mechanisms, operating at the village level, aggregate to the landscape level with far-reaching
impacts on ecosystem service sustainability (Lepers et al 2005). Thus there is great value to
be added to the body of knowledge of landcover change in understanding the fine-scale

trends in land-use and land-cover change patterns.

3.1.2 The development of rural communal landscapes in South Africa
Beginning in the 1960s until the 1980s millions of black South Africans were the victims of

forced relocations into specially designated areas (Platzky & Walker (SPP), 1985) to pursue
“separate development” away from white South Africa (Thornton, 2002). Black South
Africans were moved to arid and semi-arid areas with low agricultural productivity and
limited infrastructure (Platzky & Walker 1985). Settlements were created on parcels of land
that had been formerly ceded to white owners, as farms for livestock ranching, forming
“villages” whose boundaries were defined by the cadastral boundaries of the farms (Thornton
2002). Apartheid government policies limited investment into infrastructure, education and
economic development within these areas (de Wet 1995), fostering a heavy social
dependence on remittances from migrant labour for income and resource extraction from the
natural environment for survival (Butler et al 1978, Carter & May 1999, Niehaus 2002).
Access to natural resources was governed by a traditional hierarchy of chiefs and village
headmen who controlled and monitored harvesting of resources such as live trees (Thornton
2002); more importantly, the traditional authorities governed land-use rights in the village
(within the farm boundaries) following spatial planning systems prescribed by the Apartheid
government through “betterment” schemes which planned the use of space in the resettled
areas (Niehaus 2002, de Wet 1995). The village settlement was divided into separate zones
for settlement, agriculture and future residential expansion (McCusker & Ramudzuli 2007).
Households were allocated a plot of land within the residential zone, large enough to build a
home and maintain a small garden; the agricultural zone was used for crop and livestock
production and families were allocated additional land within the agricultural zone, away
from the homestead, to cultivate additional crops (Niehaus 2002). The rest of the area
consisted of communal rangelands from which households could harvest resources and
represented the reserve space for future expansion (McCusker & Ramudzuli 2007). Thus,
there was a high degree of functional and spatial organisation, which is still evident across

rural landscapes in South Africa today (Giannecchini et al 2007).
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The legacies of past land-use and management processes are still evident today, even though
the institutional controls of traditional authorities have weakened since the advent of majority
rule and democracy in 1994 (Twine et al 2003, Kaschula et al 2003). The systems of land-
use apportionment and village development for the most part still follow those instituted
under the “betterment” schemes of the past (Giannecchini et al 2007, Carr & McCusker
2009). These legacies mean that the areas are still economically marginalised and although
development and infrastructural reforms to provide households with electricity and running
water are in action (RSA 2000), there is still a heavy dependence on the communal
rangelands to provide resources for cooking, construction, medicinal purposes etc
(Shackleton et al 2001, Shackleton & Shackleton 2002, Twine et al 2003, Twine 2005). As
human populations have grown and expanded, so too have the spatial extent of the residential
areas within the village boundaries (Giannecchini et al 2007, Coetzer et al 2010). It follows,
therefore, that the areal extent of the village-specific communal rangelands have shrunk or
disappeared as a result of land-use/ land-cover change, potentially resulting in localised

resource scarcity (Petit et al 2001, Giannechhini et al 2007).

3.1.3 Land-use, land-cover and livelihood strategies in Bushbuckridge
Bushbuckridge Municipality in Mpumalanga Province, South Africa (Figure 3.3.1) consists

of the remnants of two homeland areas: Gazankulu and Lebowa. Resettlement onto farms in
the homelands can be traced to the 1960s, although they were only proclaimed as self-
governing homeland areas in 1973 (Platzky & Walker 1985). Poverty is widespread, with
marginal agro-pastoralism, limited employment opportunities and heavy dependence on
remittances from migrant labour (Thornton 2002, Twine 2005). The communal woodlands
are interlinked with community livelihood strategies, providing various essential non-timber
forest products, such as fuelwood, (Shackleton et al 2002) for use within the households and
as potentially income-generating products. This highlights the value of the communal
woodlands as “buffers” against the effects of widespread poverty in rural areas (Shackleton &
Shackleton 2002, Kaschula et al 2005). The environmental impacts of the continued
dependence on and extraction of, woodland resources is compounded by the high densities of
people resident in the villages, ranging between 150-300 people km™ (Pollard et al 1998,
Matsika et al, In Review, Chapter 4). The high populations are due, in part, to natural
population growth of the “original” village inhabitants (Giannecchini et al 2007) however,

the arrival of Mozambican refugees fleeing from the civil war in their country in the mid
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1980s contributed significantly to current population figures. Prolonged intense resource
extraction, such as is the case in the study area, may result in land-cover change through
degradation or modification (Grainger 1999, Lambin et al 2003) or land-cover conversion,
for example, through woodland clearing for agriculture or settlements (Grainger 1999,
Coppin et al 2004). Such processes influence and shape future resource availability;
therefore understanding the fine-scale village mechanisms, which may ultimately aggregate

at the landscape level as resource-shortage “crises” is of utmost importance in rural areas.

3.1.4 Socio-economic development and land-cover change
Both the historic and present social and political geographies existing in the study area would

have been sufficient to warrant investigation into land-use/cover change processes. However,
Bushbuckridge is also the focus of special government notice and socio-economic
intervention (Mbeki 2001). Bushbuckridge is one of 13 high-priority poverty nodes that
have been identified under the first phase of the Integrated Sustainable Rural Development
Programme (ISRDP) by the national government (RSA, 2000). Under this programme the
government has intervened to create conditions that promote and fast-track infrastructural and
economic development within these nodes (RSA, 2000). The success or failure of these
interventions in promoting development and addressing the socio-economic challenges faced
in these historically under-developed areas, such as Bushbuckridge will determine the roll-out
of this programme nationally (RSA 2000, Haarmse 2010). Given the high dependence of
these communities on the natural environment, there is great value in quantifying and
understanding local landcover change processes as they shape livelihood strategies (King
2011). Understanding past land-cover trends aid in the prediction of future land-cover
dynamics and resource availability and assists in identifying potential hotspots of deleterious
environmental impacts and resource scarcity (White et al 1997, Masera et al 2003); all of
which assist in developing sustainable resource management plans and better inform socio-

economic development interventions (Lambin et al 2003).

3.1.5 Contextualising the relevance of fine-scale rural land- cover change

assessments
The main objective of this study is to assess land cover dynamics in two villages,

Welverdiend and Athol, in Bushbuckridge Municipality, a former homeland area in South

Africa. The land-cover change assessment will identify the changes in landcover,
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particularly the woodlands in both village landscapes from around the time of their
establishment in the 1960s until the time of this study in 2009 in the context of the impacts on
and implications of the fuelwood use and harvesting systems which are characteristic of the
area. Field-based studies of woodland vegetation structure dynamics (1992-2009) revealed
that there was extensive woodland degradation in the communal woodlands of Welverdiend
but not Athol (Matsika et al, In Review- Chapter 2). Consequently, woodland resource
scarcity, particularly of fuelwood is commonly cited by Welverdiend residents as a major
issue (Twine et al 2003b, Matsika et al In Review, Chapter 4). Furthermore, the villages
presently have similar average household demographic and socio-economic characteristics.
Given that they were established at similar times, there is value in investigating the long-term
trends in woodland cover change that may add to our understanding of how and why the
woodlands structural changes differ so markedly. Such information has broader implications
for understanding resource shortages in other rural communal rangelands in the area and in
South Africa. It is not the intention of this study to determine the causal factors of land-cover
change through an in-depth analysis of socio-economic conditions, however there is need to
understand the overarching contextual cultural and social histories that have shaped present-
day land-use/land-cover in the study area (King 2011).

This study addressed the following key questions:

1. What are the LUCC characteristics in each village in terms of net change: gains,
losses and conversion between land-classes, rates of change and what are the most
systematic transitions?

2. What is the spatial extent of the remaining communal woodlands and how have they
changed with time?

3. Has there been land-cover change in Morgenzon (an unoccupied private property on
the western boundary of Welverdiend) since the social annexure in the early 1990s?

4. How will the landscapes potentially develop in the future?

5. What are the implications of the land-cover change trends for communal areas in
Bushbuckridge?

3.2 Methods
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3.2.1 Study Area
The case study villages Welverdiend (24° 35°S 31° 20’E) and Athol (24° 34’S 31° 21’E) lie

30 km apart in the Bushbuckridge municipality (Figure. 1); both are situated in close
proximity to conservation areas within the Kruger to Canyons Biosphere Reserve.
Welverdiend is located adjacent to Manyeleti Game Reserve on its eastern boundary (Figure.
1). Athol shares its southern boundary with the Sabi Sands Nature Reserve. Economic
development is marginalised, unemployment is rife, monetary income is low and human
settlements are densely populated, averaging 150-350 people km (Shackleton & Shackleton
2002, Thornton 2002, Kaschula et al 2005). Grazing and resource harvesting pressure in the
communal village areas are often higher in comparison with the conservation areas since the
local communities are denied access to these lands through various fencing and security
measures (Pollard et al 2003). At the time of the study in 2009, there was a higher human
population in Welverdiend in Athol, with about 1500 households in Welverdiend compared
to 500 in Athol (Matsika et al, In Review, Chapter 4)

3.2.2 Biophysical characteristics
The topography of the region is described as gently undulating with an average altitude less

than 600m above sea level. Soils are underlain by granitic gneiss with local intrusions of
gabbro. The vegetation in the study area is defined as Mixed Lowveld Bushveld and is
mostly dominated by species of the Combretum and Terminalia genera (van Rooyen &
Bredenkamp 1996). Sclerocarya birrea and Dichrostachys cinerea also contribute
significantly to the woody biomass in this region (Shackleton 1997). Rainfall is received
during the austral summer season (October to May), mainly in the form of convectional
thundershowers and averages 650 mm per annum in the west and 550 mm per annum in the
east along a rainfall gradient. Drought is common and prolonged droughts may occur as
often as every 3.5 years. Mean annual temperature is 22 °C; summers are hot, with a mean
daily maxima 30 °C and winters are mild with a mean daily maxima of 23 °C (Shackleton et
al 1994).

Small-scale farming is carried out by individual households tending home gardens and, where
access is granted by the traditional authorities, in larger arable fields within the village
commons (Shackleton et al 2002, McCusker & Ramadzuli 2007). In spite of the low
agricultural productivity in the area (Shackleton S et al 2002) households maintain home
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gardens as a safeguard against the unpredictability of monetary incomes, even though most
households receive more from government welfare than farming (May 2000). Home-gardens
represent a reliable outcome, except in years of drought or other environmental stress-related
problems (Murphy 1995).

The boundaries of the original farms of Welverdiend and Athol were used to define the extent
of the villages over the period of interest (Figure 3.3.1). However in the course of data
collection, it came to light that the residents of Welverdiend informally appropriated
Morgenzon, a privately-held plot of land that lies adjacent to Welverdiend along its western
boundary (Figure 3.3.1). This happened in response to severe drought in the early 1990s.
Prior to this Morgenzon was formerly a farm but by the time of annexure had been emptied
due to extreme drought at the time, leaving it unused and available for village use (Rex
Mnisi, deputy chairperson of the Welverdiend Community Development Forum, 2009, pers
comm.) Welverdiend residents now consider it a part of their communal rangelands and
claim land-use and harvesting rights. Therefore, landcover change dynamics from when the

villagers began accessing the nature reserve until 2009 were included in the assessment.
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Figure 3.1 The locations of Welverdiend and Athol villages relative to the Kruger to Canyons Biosphere
Reserve and the Kruger National Park in South Africa. Solid polygons show the extent of the original farm
boundaries of each settlement. Hatched polygons are the spatial extent of Morgenzon, adjacent to Welverdiend
and Utah adjacent to Athol; these are commons into which residents of each settlement have expanded resource

harvesting during drought or scarcity since the early 1990s.
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3.2.5 Methods and analysis
The overall objective was approached by tracing landscape development by manually

digitising the built-up residential areas, fields, open areas and wooded areas of each village
using time-sequential aerial photographs covering the time from 1965 to 2009. The study
period covers the time from village- establishment until the time of this study in 2009. The
aerial photographs were obtained from the Chief-Directorate: Surveys and Mapping ((CD:
SM), Cape Town, South Africa) at approximately decadal intervals from 1965 depending on
availability. Thus coverage for each village was obtained for 1965, 1974, 1986, 1997 and
2009.

3.2.5 Image processing: Ortho-rectification (1965-1997)
The images used were provided in digital format; all images except the 2009 dataset were

black and white and lacked spatial information. The 2009 dataset consisted of ortho-rectified
colour images. These were used as reference images to do image-to-image orthorectification
of the other time series photographs. Orthorectification was carried out using the ERDAS
Imagine 2011Autosync workstation programme (Leica Geosystems Geospatial Imaging,
Norcross, United States of America) using the 2009 orthophotograph as the reference image.
The Direct Linear Transform (DLT) output geometric model was applied to the image to
minimise image warping. A minimum of 5 ground control points (GCPs) in both images
were manually selected. Based upon this initial selection, the programme was set to
automatically generate a host of GCPs from which sites were manually deleted or moved
until the root mean square registration error (RMSE) was between 5-8m. The orthorectified
images were set to the same geographic co-ordinate reference system as the reference image
(WGS1984) and used the file Digital Elevation Model in ERDAS Imagine. The rectified
images were then resampled using a nearest-neighbour resampling algorithm so that they

would have the same geometry as the reference images.

3.2.6 Landcover classification & digitisation
The orthorectified images were imported into ArcGIS 10 (ESRI, Redlands, California, United

States of America) and then projected in the Universal Transverse Mercator (UTM)
projection to UTM Zone 36S- the zone which covers the study area with minimum distortion.

Thereafter all images were clipped to the extent of the original farm boundaries upon which
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each village was initially established. The Welverdiend images were clipped to the spatial
extent of both Welverdiend and Morgenzon (figures 2, 3, 6). A landcover classification
system was devised (Figure 3.1) based on the National Landcover Classification system for
South Africa developed by Thompson (1996) and applied by Giannecchini et al (2007). Itis
acknowledged that differences in geology do have an effect in vegetation structure and cover,
with a marked division in tree height and structure between the granitic and doleritic
bedrocks in both villages. However since this study aims to investigate and identify
systematic changes in structure over time and not the inherent differences across the village
landscapes in each study year, these structural differences are adequately captured in the
chosen landcover classes. Digital automated classification methods could not be applied
since the aerial photographs lack the necessary spectral information required to apply
supervised and unsupervised classification techniques successfully (Petit & Lambin 2001).

Figure 3.3.1 The landcover classification system used to determine landcover types and
create landcover maps for each village at each point in time. This classification system is
derived from the NLC 1994 classification system developed by Thompson (1996).

Land cover Description

class

Mixed Lightly disturbed woodland, mixed tree classes

woodland

Parkland Partially deforested woodland with scattered large trees (e.g. abandoned
fields), open patches of ground close to settlement

Shrubland Disturbed woodland, characteristic of fuelwood harvest sites; high
incidence of coppice growth.

Cropland Cultivated or fallow fields

Settlement Homesteads, yards and other structures associated with human habitation

Dam Water body

Landcover classification was carried out by visual photo-interpretation of the images, based
on the basic interpretation elements of tone, texture, shape, size, position and association
(King 2011). For example, croplands and parklands (Figure 3.1) were easily identifiable as
open, bare areas with straight edges within the wooded areas. Once identified, a polygon
delineating the boundary of that patch of landcover within the landscape was created using
the Auto-Complete Polygon tool in ArcGIS 10 Editor. This tool allowed for the creation of
adjacent polygons that do overlap or have gaps during the manual digitisation process
(ESRI, 2012) This process was repeated until all the land within the village area, as defined

by the farm boundaries, had been classified and digitised. The output of this process was a
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shapefile in the same spatial reference system as the aerial images (WGS 84 UTM 36S).
This shapefile was converted into a raster grid, with cell resolution of 3m x 3m, where every
pixel was allocated the landcover class according to the maximum area represented within
that cell.

Ground-truthing of the landcover classes was carried out through extensive site visits within
both villages in 2009 in the course of data collection within the village settlement
(residential) areas as well as in the communal woodlands. Classification accuracy was
quantified based on a simple assessment of the correct classification rate of ground truthing
sites and the manually digitised Village Landcover map (VLC) of each village. Ground-
truthing sites were assessed and classified during data collection of two other studies in
Welverdiend and Athol in 2009. These sites were used to assess the classification accuracy of
the 2009 VLC and by proxy, the accuracy, in terms of correct classification rate of the
technique used to create the other VLC for the previous years. Sampling sites at which
woodland vegetation structural data were collected as part of the field campaign for Matsika
et al (In Review, Chapter 2) and Paradzayi (2012 unpublished Thesis) were used to ground
truth the classification of the vegetation cover classes (that is separation into Mixed
Woodland, Shrubland and Cropland). All landcover classes were captured and descriptions
of land-use, vegetation structure and human impact (through harvesting and coppice
regrowth) at different locations within the study sites were noted. Some ground-truthing sites
were also located in the woodland areas within the study sites where there had not been much
change over the period of interest to verify the visual interpretations of the difference in
texture and shading between patches classed as Mixed Woodlands and Shrublands. This was
used as a means of validating the visual assessment technique that was then applied to create

the landcover maps of the previous years in the study period.

Correct classification of settlement area was based on a spatial database provided by the
Bushbuckridge Municipality, which captured the spatial location of every house in a GIS
database which could be overlaid with the VLC map. Thus a sample set of known household
sites was selected using a random number generator in Microsoft Excel. This household
subset of 200 data points was overlaid with the 2009 VVLC of each village and the number of
correct classifications (household points that fell within the polygons classified as Settlement)

was assessed.
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3.2.7 Land-cover change analysis

3.2.7.1 Determining the trends in landscape development (1965-2009)

All post-classification spatial analyses were carried out in ArcGIS v10. Coverage for each
landcover type was calculated as the relative frequency (%) of pixels in each landcover class
for each year. Post-classification comparisons of landcover coverage were carried out by
comparing changes in relative frequency (%) per landcover type between the four inter-
decadal periods (1965-1974, 1974-1986, 1986-1997 and 1997-2009). Percentage values for
landcover persistence and conversions per landcover class were also calculated. The absolute
rate of landcover change per annum during each successive inter-decadal period was
calculated using Equation 1. The annual rate of change in relative cover for each landcover

class was calculated using Equation 2 (based on Giannecchini et al., 2007)

Rabij = ((Cb,ij/ Caij) -1) / Zab, [Equation 1]

R abij= annual rate of change in cover between year a and b for landcover i in
village j in ha per annum

C 4ij = Cover in year a of landcover i in village j (ha)

C »,ij = Cover in subsequent year b of landcover i in village j (ha)

Xab,i,j, = (([Yb,i,j/ Ya,i,])- 1) X 100)/Zab,j [Equation 2]

Xan,i = annual rate of change in relative cover (%) between year a and b for
landcover i in village j
Yaij = the % cover of landcover i in village j in year a
Ys,ii = is the % cover of landcover i in village j in subsequent year b
Zabj= is the number of years between year a and b for village j

3.2.7.2 Determining Gains, Losses and Persistence per landcover type for each time
interval
The outputs of the manual digitisation process were 5 village landcover maps (VLC) for each

successive year. Individual cover maps for each landcover type (Landcover Specific Map,

LSM) in every VLC were created using the Reclassification function in Spatial Analyst. The
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pixel values of all landcover classes, except the particular landcover class of interest, were
reclassified as “NoData”. The output of this process was a time series of 5 raster surfaces for
each specific landcover type from 1965-2009 (Figures 3, 4). A modified image-differencing
methodology (Petit et al 2001, Lu et al 2003, Coppin et al 2004) using the VLC maps and
the LSMin successive years was applied to detect both areas of persistence and areas of
change (gains and losses) for each landcover type. In order to detect persistence and
landcover change per landcover class between two dates at times, t=1 and t=2, (between VLC
=1 and VLC =,) a two-step approach was devised and this was applied for each landcover

type.

The first step was to determine whether there had been any changes in the landcover type of
interest between the two dates. Using the raster calculator (Spatial Analyst) the LSM=; was
subtracted from LSM¢=,. The output of this was a change/no change map where positive and
negative values showed areas of gains and losses respectively and zero values showed areas
of persistence or no change for that landcover class (derived from LSi-; and LS;=,) between
the two dates (Coppin et al 2004). Two maps were derived from this change/no change map
using the Reclassify function (Spatial Analyst) one showing only gains (positive values) and
the other only losses (negative values). The map showing gains was added to VLCi=; the
output was a modified landcover map of VLCi=; displaying the landcover classes that had
contributed to the observed gains in the landcover class under investigation at the second date
(Figure 3.3.2). The pixel values of the map showing losses were reclassified to positive
values and likewise added to VLCi-,; the magnitude of the change in pixel value was used to

identify the nature of the landcover conversion from LSM ¢=; since the first date (t=1).
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Figure 3.3.2 Example of output of landcover gains in the Welverdiend settlement area (1997-
2009) and how the change/no change maps were used to identify the source of gains and
losses between landcover classes.
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3.2.8 Identifying systematic transitions in landcover change trajectories
(1965-2009)

The relative cell frequencies of persistence, gains and losses for each landcover class during
the study period were thus derived from the change/no change maps together with the
modified VLC maps. These data were used to populate the transition matrix of landcover
change from 1965 to 2009, following the structure of Figure 3.2 (Pontius et al 2004). The
rows show the relative cell frequencies (%) of the landcover classes at time =1 and the
columns show this information for the landcover classes at time=2. The entry in the (i)th row
and the (j)th column shows the proportion of landcover class i at time=1 in landcover class j
at time=2 (P;). The total at the end of ith row, in the Total time=1 column shows the
proportion of the landscape in class i at time =1 (P;+). The total at the bottom of the jth
column, in the Total time=2 row shows the proportion of the landscape in class j at time= 2
(P+j). The column at the end of the table shows the pattern of losses for landcover class i
between timer =1 and 2, that is it shows loss of class i to the other landcover classes (column
j ) as a proportion of the total landscape. Conversely the bottom row shows the gains in
landcover class j at time=2, from all other classes at time =1, as a proportion of the total

landscape.

Persistence values (Pj;, i=j) for each landcover class run along the diagonal and are highlighted
in gray and bold type. The second value is the proportion of the landscape that would have
been expected in that landcover class if transitions were occurring as a result of random
process rather than systematic change (Equation 3). This value is calculated by holding the
persistence of the landcover class i constant and redistributing the observed losses amongst
the other classes relative to their proportion on the landscape. The logic being that landcover
classes will exhibit random transitions due to chance and perhaps error in direct relation to

the proportion of the landscape they cover

P,
Li]‘ = [Pi+ - Pil) (% ) [Equation 3]

j=1, jeiP+

Li=expected proportion of landcover i ( in the total landscape area) if losses to landcover j

are from random process
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Pi+ =total % area (as a proportion of total landscape area) in landcover i at time=1
Pji = persistence of landcover i

P.j = total % area of landcover i at time =2

The third value in circular parentheses is the actual proportion of that landcover class on the
landscape (the first value) minus the expected value (Figure 3.2, Equation 4). This gives the
residual proportion of the landscape that has undergone transition once random processes are

taken into account.

Observed - Expected = Pjj- Lj [Equation 4]
Pjj= Observed proportion

Lij= Expected proportion (Equation 3)

The number in the final row of each class cell in Figure 3.2 is used to identify systematic
transitions. This is calculated by dividing the difference value (row 3) by the expected value
(Figure 3.2, Equation 5), giving a ratio of the magnitude of the difference between the
observed and expected value, relative to the size of the expected value. This ratio is
analogous to the Chi-square ratios and the magnitude of the ratio describes the relative
strength of the signal indicating systematic transition. If the observed changes are occurring

by random chance then the value of this row will be zero or very close to zero.
Ratio = (Pj-Lij/Lij) [Equation 5]

Pjj= Observed proportion

Li= Expected proportion (Equation 3)

100



Figure 3.3.2 The structure of the landcover transition matrix used to identify and quantify
change processes between two maps at different points in time; adapted from Pontius et al
(2004).

Time 2
Time 1 LANDCOVER 1 LANDCOVER 2 LANDCOVER 3 Totalgme=1  Gross
Loss
Landcover P1; (persistence) Py, Pis P+ P1+-P1s
1
L (Expected loss)
Py,-L
(Observed - Expected)
0 (P - L)L
Landcover P, P2, (persistence) P, P, Py.-Py
2
L (Expected loss)
Py —L
(Observed —Expected)
(P, — L)/L 0
Landcover Pa Ps P33 (persistence) Ps. P3.-P3s
3
Totaltime=> Pt P., P.s 1
Gross P.1- Py P.2-P2 P.3-P33
Gain

Interpretation of the transition matrices followed the method put forward by Pontius et al
(2004). Entries on the diagonal indicate the proportion of the landscape that shows
persistence of that particular landcover class. Off-diagonal entries indicate transition from
class i to class . The matrices were used to quantify the landcover characteristics in each
time interval in terms of net change per category as well as gains, losses and swap amongst
categories. Following Pontius et al (2004) the off-diagonal values in the transition matrices
were used to identify which landcover conversions were more the result of systematic process
rather than random chance or methodological error. This method was also applied by

Schulze et al (2010) analysing landcover change patterns in Chile.

The method to interpret the transition matrix figures follows Pontius et al (2004) closely.
This method identifies systematic landcover change processes and also the magnitude of the
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observed changes relative to all other transitions occurring on the landscape at that time. If
number in round parentheses is positive then that class lost more to whatever class in
column j than by random chance/error. If the difference in parentheses is negative then the
category in column j gained less, or alternatively, the category in that row i lost less to the
category in that column j than would have been expected by a process of random chance or
error. The fourth number in each cell is the ratio of the actual number minus the observed
proportion divided by the expected proportion of change and is analogous with the basis of
Chi-square tests (Pontius et al 2004). The magnitude of this number indicates the difference
between the observed value and the expected value, relative to the expected value. This
value is used to identify systematic landcover transitions rather than changes occurring
randomly. If the processes of observed loss are random then the differences shown in the
transition matrices will be zero or very close to zero. These figures indicate the main
processes through which landcover is occurring in both village landscapes (Question 4, page
86). Furthermore they indicate how they will most likely develop in the future, if the

overarching socio-economic conditions remain true (Question 5, page 86).
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3.3 Results

3.3.1 Landcover Classification accuracy
The Settlement area classification was 97% accurate for Welverdiend and 95% accurate for

Athol. The small difference in classification accuracy for this landcover class was most
probably due to the slight time-lag and consequent settlement expansion between the time of
the household surveys carried out by the Bushbuckridge Municipality in 2007 and the aerial
photographs being taken in 2009. Croplands and Parklands were correctly classified 100%
of the time being easy to identify, often occurring as straight-edged open patches in the
landscape. Mixed Woodland areas were correctly classified 88% (Welverdiend) and 96%
(Athol) of the time, with the incorrect classification due to similar texture on the aerial
photograph with the Shrubland cover. Shrubland cover was correctly classified 92%
(Welverdiend) and 98% (Athol) of the time. The mean classification accuracies for each

image were 95% and 98% for Welverdiend and Athol respectively.

3.3.2 Landscape development trends in Welverdiend and Athol (1965-2009)
Landcover composition (relative composition) was similar for both villages at the beginning

of the study period, but by 2009 the village landscapes showed markedly different landcover
patterns and composition. Welverdiend experienced a greater degree of transformation than
Athol. Initially Mixed Woodland was the predominant landcover class in both villages,
accounting for over 70% of each village landscape (Figure 3.3, Figure 3.4 and 5). Although
there was a characteristic decline in Mixed Woodland in both villages, Welverdiend
underwent a greater degree of Mixed Woodland loss, such that by 2009 this landcover class
accounted for only 26% of the total landscape, compared to 60% in Athol. The steady
increase in relative cover of all landcover classes was paired with the decline in Mixed
Woodland (Figure 3.3).

Settlement areas were initially small, relative to the other classes, and comparable in size
between the two villages, comprising 2.6% (81 ha) in Athol and 1.7% (74 ha) in
Welverdiend. Over time, settlement areas in both villages showed exponential increase in
area over the study period, a trend which was clearly mimicked by the growth pattern of areas
of human impact, that is, parkland and shrubland in both villages (Figure 3.3). Cropland
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areas in Athol increased steadily over the study period but in Welverdiend the proportion
increased only between 1965 and 1974 and thereafter remained constant at about 20% of the

total village area in each successive year (Figure 3.3).

3.3.3 Spatial descriptions of landcover transitions
The village settlement areas were initially established in relatively central locations within the

farm boundaries (Figures 3, 4) with no clear pattern to the arrangement of croplands and
parklands relative to the settlements themselves. However, after 1974 as the ecological
footprint of the settlements expanded, clear disturbance gradients were detectable in each
village. The settlement areas were surrounded by a heterogeneous mosaic of bare land (very
little woody cover was present), classified either as Croplands or Parkland, that transitions
into Mixed Woodland through a buffer of Shrubland, clearly illustrating the lessening of
human impact on the landscape with distance from the settlement areas. Conversely, the
Mixed Woodland areas contracted away from the settlement areas with time as the
settlements expanded; this is particularly visible in Welverdiend. Over time, in Welverdiend,
as the Mixed Woodland contracted further away from the village and space has become a
limiting factor, the disturbance gradient has become less evident (2009, Figure 3.3a). Given
that the relative proportion of Cropland within the original Welverdiend bounds was
relatively constant from 1974, it follows that most outward expansion of the village
disturbance footprint was driven by settlement, parkland and shrubland expansion, which
points to population growth and increasing human use as drivers of landcover conversion.
Similar patterns are evident in Athol, the primary difference being the smaller degree in the
outward expansion of the village disturbance footprint.
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Figure 3.3.3 Landscape composition in terms of relative land-cover (%) in a) Welverdiend
and b) Athol for each year included in the analysis. Pixel frequency per landcover class

relative to the total image pixel count was used to calculate the relative landcover for each

year.
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Figure 3.3.4 Landcover maps of Welverdiend village for every successive year in the
study period (1965-2009).
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Figure 3.3.5 Landcover maps of Athol village for every successive year in the study
period (1965-2009).

107



3.3.4 Landcover change in Morgenzon (1986-2009)
The expansion to Morgenzon added 1900 ha of Mixed Woodland to the Welverdiend

resource base. There was already some degree of pre-existing landcover transformation with
respect to cropland and parklands (Figure 6) but this was located in close association with the
small settlement within the former nature reserve (Figure 7). Although Mixed Woodland has
remained the dominant landcover class since 1986 there has been a 473% increase in relative
landcover of Parkland area since 1997, indicating extensive woodland clearing (272 ha of
Mixed Woodland converted to Parkland) along the north-eastern corner boundary with
Welverdiend (Figure 7).

100.0% -

80.0% -

60.0% -

ive landcover

+40.0% -

Relat

20.0% -

0.0% -
1986 1997 2009
Landcover class

H Settlement M Cropland ™ Mixed woodland ® Parkland ® Shrubland

Figure 3.3.6 Relative cover in Morgenzon per landcover class for each successive year
(1986-2009)

The location of the observed landcover transitions from Mixed Woodland to shrubland and
parkland, along the boundary adjacent to Welverdiend, (Figure 7) represent the continuation
of the human disturbance gradient emanating outward from the settlement area.
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Figure 3.3.7 Landcover maps Morgenzon in relation to Welverdiend village. The
landcover was mapped for every year since Welverdiend residents reported to accessing
Morgenzon (1986-2009).
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3.3.5 Temporal characteristics of landcover change: rates of change (1965-

2009)
Mixed Woodland consistently showed a negative rate of change, consistent with the steady

decline in Mixed Woodland area over the years (Figures 3, 4); likewise the rate of change in
the Settlement class was consistently positive, with a more pronounced pulse-like pattern in
Athol than Welverdiend. Welverdiend consistently underwent more rapid landcover
conversion during every stage of the study period; the relative rates of annual landcover
change are 3 times faster for most landcover classes . This may indicate that the starting
population that was resettled onto Welverdiend was larger than Athol; this trend is still in
evidence today. The human population in Welverdiend is currently (as of 2009)
approximately thrice that of Athol (Matsika et al, In Review, Chapter 4).

Land-cover changes did not occur at equal rates during all four time intervals. Furthermore,
the rates of change were episodic rather than constant (Figure 8), showing a strong pulse in
increased rates of settlement expansion (Athol) and woodland clearing during the first
interval and then again in the third time-interval (1986-1997).
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Figure 3.8 Annual rates of per cent change in relative landcover for each landcover class
since 1965 in a) Welverdiend and b) Athol.

3.3.6 Characteristics of landcover change: Net change and conversions

between classes
Descriptions of change are presented relative to each landcover class, for both villages. The

interest is more in understanding how communal villages developed within the study area,
rather than the exact differences between villages. Where there are discrepancies or
differences in observations between villages, these are described but relative to the landcover
class trends. The landcover classes were combined into three groups, relative to their
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potential functional use by village residents to present and interpret this section of the results.
Settlement was maintained as a separate entity and Open areas consisted of Parklands and
Croplands. Shrubland and Mixed Woodland classes are presented together as woody areas
based on the logic that although structurally different, village residents could still extract
wood and other non-timber forestry products, NTFP, (Shackleton & Shackleton 2004)

although perhaps to varying extents, from both classes.

3.3.6.1 Settlement expansion
Settlements extent increased in both villages; ( Figure 3.5, and Figure 3.6); the gain in

settlement area in Welverdiend was twice that of Athol by 2009. Settlements tend to gain
area or expand into land that was already cleared; from the gains in Welverdiend, 5.88% of
landscape area in 2009 was converted to settlement from Croplands and Parklands (Figure
3.5) compared to 3.9% in Athol (Figure 3.6). This accounts for over half the “new”
Settlement area being developed from former Cropland and Parklands. These trends verify

the spatial patterns of change that were observed (Figure 3.4, Figure 3.5).

3.3.6.2 Open areas: Croplands and Parklands
Croplands showed the lowest net change in Welverdiend and the second largest net change in

Athol. There is low persistence in this landcover class; very little of the Cropland in 1965
remained in this class over the study period in both villages. Furthermore Croplands
consistently exhibited the greatest degree of swap/conversion from the other classes. This
indicates that the change in Cropland area is from losses from other landcover classes.
Parklands show the same trend, with very little persistence (3% in Welverdiend and 0.2% in
Athol), the gains in area are almost completely due to gains from other landcover classes.
Mixed Woodland lost the most area to Croplands and Parklands in 2009 in both landscapes
(Figure 3.5, Figure 3.6). Over the study period 25.37% of the landscape in Welverdiend and
20.52% in Athol were cleared from Mixed Woodland to open areas (Figure 3.5, Figure 3.6).

3.3.6.3 Wooded areas: Mixed Woodland and Shrubland
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Mixed Woodland cover underwent the biggest net loss in both villages but the bigger Mixed
Woodland loss occurred in Welverdiend, which declined from 72% to 26% of the total
village landscape in 2009 (Figure 3.5). Most of the area attributed to Mixed Woodland in
2009 in both villages consisted of persistent cover (Figure 3.5, Figure 3.6), with very little
gains from the other classes, that is, once Mixed Woodland was converted to another class,
there was very little replacement from conversion by the other classes into Mixed Woodland
(Figure 3.4). In direct contrast to this Shrubland shows almost no persistence between 1965
and 2009 in both villages (Figure 3.5, Figure 3.6). The net change in this landcover class
(Figure 3.4) is predominantly due to gains from other landcover classes, especially in
Welverdiend where this class underwent a 20% gain in area on the landscape, of which, most
was gained from Mixed Woodland (16.6%, Figure 3.5), indicating woodland degradation
resulting in the modification of Mixed Woodland to Shrubland. A similar trend can be traced
in Athol although to a lesser degree since there was not as considerable a loss of Mixed
Woodland in Athol.

The landcover classes that had low persistence in both villages over the study period,
Croplands, Parklands and Shrublands, showed great mobility across the landscape,
concurrent with the expansion of the settlement areas- consistently moving outwards and

always away from the settlement area across the landscape.
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Figure 3.3.3 Transition matrix interpreted in terms of losses in Welverdiend (1965-

2009). The number in boldface is the actual percent of the landscape (P;;). The second number
in italics is the percent of the landscape one would expect to observe if the loss was random (L;).
The number in circular brackets is the difference between the observed and expected values . If
change is random, these values will be 0; non-zero values indicate a process driven change. The
final number is the difference relative to the expected value and the magnitude of this value gives
the signal as to the degree of systematic transition (Pontius et al 2004)

2009
1965 Settlement Cropland Parkland Mixed Shrubland TOTAL 1965 Loss
woodland

Settlement 1.68 0.00 0.00 0.00 0.00 1.68 0.00
1.68 0.00 0.00 0.00 0.00 1.68 0.00

(0.00) (0.00) (0.00) (0.00) (0.00) 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cropland 3.48 2.93 3.01 1.50 291 13.83 10.90
1.72 2.93 2.73 3.49 2.96 13.83 10.90

(1.75) (0.00) (0.28) (-1.99) (-0.05) 0.00 0.00

1.02 0.00 0.10 -0.57 -0.02 0.00 0.00

Parkland 1.88 2.28 3.09 0.32 2.77 10.34 7.25
1.18 1.64 3.09 2.40 2.03 10.34 7.25

(0.70) (0.64) (0.00) (-2.07) (0.73) 0.00 0.00

0.59 0.39 0.00 -0.86 0.36 0.00 0.00

Mixed woodland 5.83 11.58 13.79 24.45 16.62 72.27 47.82
8.42 11.63 13.31 24.45 14.46 72.27 47.82

(-2.59) (-0.05) (0.48) (0.00) (2.15) 0.00 0.00

-0.31 0.00 0.04 0.00 0.15 0.00 0.00

Shrubland 0.11 1.15 0.63 0.00 0.00 1.88 1.88
0.31 0.43 0.50 0.64 0.00 1.88 1.88

(-0.21) (0.71) (0.13) (-0.64) (0.00) 0.00 0.00

-0.66 1.64 0.26 -1.00 0.00 0.00 0.00

TOTAL 2009 12.98 17.93 20.51 26.27 22.30 100.00 0.00
13.33 16.63 19.61 30.97 19.46 0.00 0.00

(-0.34) (1.31) (0.90) (-4.70) (2.84) 0.00 0.00

-0.03 0.08 0.05 -0.15 0.15 0.00 0.00

Gain 11.30 15.01 17.43 1.83 22.30 0.00 0.00
11.64 13.70 16.53 6.52 19.46 0.00 0.00

(-0.34) (1.31) (0.90) (-4.70) (2.84) 0.00 0.00

-0.03 0.10 0.05 -0.72 0.15 0.00 0.00
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Figure 3.3.4 Transition matrix interpreted in terms of losses per landcover class in Athol
(1965-2009). The number in boldface is the actual percent of the landscape (Pj). The

second number in italics is the percent of the landscape one would expect to observe if the
loss was random (L;).

2009
1965 Settlement Cropland Parkland Mixed Shrubland TOTAL Loss
woodland 1965

Settlement 2.62 0.00 0.00 0.00 0.00 2.62 0.00
2.62 0.00 0.00 0.00 0.00 2.62 0.00

(0.00) (0.00) (0.00) (0.00) (0.00) 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cropland 2.84 2.04 1.22 0.75 0.00 6.86 4.82
0.48 2.04 0.41 3.67 0.26 6.86 4.82

(2.36) (0.00) (0.82) (-2.92) (-0.26) 0.00 0.00

4.91 0.00 2.01 -0.80 -1.00 0.00 0.00

Parkland 1.06 0.85 0.81 0.18 0.39 3.27 2.47
0.21 0.50 0.81 1.64 0.11 3.27 2.47

(0.84) (0.34) (0.00) (-1.46) (0.27) 0.00 0.00

3.93 0.68 0.00 -0.89 2.39 0.00 0.00

Mixed woodland 0.65 15.89 4.63 60.36 3.92 85.46 25.10
5.31 12.47 4.48 60.36 2.84 85.46 25.10

(-4.66) (3.42) (0.15) (0.00) (1.08) 0.00 0.00

-0.88 0.27 0.03 0.00 0.38 0.00 0.00

Shrubland 0.92 0.23 0.16 0.47 0.02 1.79 1.77
0.15 0.35 0.13 1.15 0.02 1.79 1.77

(0.77) (-0.13) (0.04) (-0.68) (0.00) 0.00 0.00

5.13 -0.36 0.28 -0.59 0.00 0.00 0.00

TOTAL 2009 8.09 19.00 6.82 61.76 4.33 0.00 0.00
8.77 15.37 5.82 66.82 3.23 0.00 0.00

(-0.68) (3.64) (1.01) (-5.06) (1.10) 0.00 0.00

-0.08 0.24 0.17 -0.08 0.34 0.00 0.00

Gain 5.47 16.96 6.02 1.39 4.31 0.00 0.00
6.15 13.33 5.01 6.45 3.21 0.00 0.00

(-0.68) (3.64) (1.01) (-5.06) (1.10) 0.00 0.00

-0.11 0.27 0.20 -0.78 0.34 0.00 0.00
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3.3.7 Change trajectories and systematic transitions amongst landcover

classes
The change trajectories of each landcover class are traced over the study period. The relative

contributions of each landcover class to the observed changes in a given class are presented
holding persistence as a constant (therefore excluded). Thus the proportion of each landcover
class to the observed gains and losses in a given landcover class for each time interval in the
study. These are presented together with the analyses of systematic change (Pontius et al
2004) between landcover classes for 1965 and 2009 (Figure 3.5 and Figure 3.6).

3.3.7.1 Settlement expansion patterns (1965-2009)
If only landcover change between 1965 and 2009 as a single time-interval is considered, it

would appear that Settlement growth may be linked to both conversion of open areas and
Mixed Woodland clearing (Welverdiend, Figure 3.5). However, the fine-scale temporal
analysis shows that Settlement growth in each time interval predominantly occurred from
conversion of open areas in both villages (Figure 9). The most notable exception was in
Athol during the 1986-1997 interval, when approximately 50% of the total gains were from

clearing of woody areas (Mixed Woodland and Shrubland).

a) b)
Welverdiend Athol
100% 4 =7 — r— 100% - —
80% - B 80% - .
60% - 60% -
40% - 40% -
20% - 20% -
0% - T T T 0% - T T T
1965-1974 1974-1986 1986-1997 1997-2009 1965-1974 1974-1986 1986-1997 1997-2009
Years Years
M Cropland mParkland ® Mixed woodland M Shrubland M Cropland m Parkland m Mixed woodland m Shrubland

Figure 3.3.9 Pattern of settlement expansion showing the proportion of area gained in the
settlement area by conversion from the other landcover classes in each time interval during
the study period (1965-2009). For example between 1965-1974 ~70% of the total gain in
settlement area was from expansion into (or conversion from) Cropland. Only gains are
shown since Settlements did not undergo any losses in area.
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3.3.7.2 Landcover transitions in Open areas
There is a significant interchange of cover between Cropland and Parkland (Figures 3, 4,

Figure 3.3.10). For example in Welverdiend, since 1974 approximately 50% of all inter-
decadal cropland conversions have been to Parkland cover (Figure 3.3.10a) and between
40%-50% of all Parkland cover losses since 1965 have been conversion to Cropland (Figure
3.3.10e). The same trend is apparent in Athol but increasing conversion of Cropland to
Parkland (relative to all other Cropland losses) since 1965 (Figure 3.3.10g).The landcover
change patterns for Cropland and Parkland gains echo the observations from the respective
VLC (Figure 6,7,8). Thereafter the most consistent cover change observations are that the
majority of gains in the Cropland and Parkland classes came from Mixed Woodland over the
study period, except between 1997 and 2009 in Welverdiend and from 1965 to 1974 in Athol.
Between 1965 and 1997 in Welverdiend Cropland gains were predominantly from the
conversion of Mixed Woodland cover (Figure 3.3.10b). Thereafter in the last over the last
decade there was no clearing of Mixed Woodland and Cropland gains were from clearing of
Shrubland and exchange with Parkland cover. However, this coincides with Mixed
Woodland clearing (cover loss) in the North-East corner of Morgenzon adjacent to
Welverdiend (Figure 8). Cropland and Parkland cover also consistently lost area to the
Settlement class in both villages over the study period (Figure 3.3.10 a, ¢, €, Q).

The conversion of open areas to Shrubland and Mixed Woodland has declined steadily over
the years (Figure 3.3.10 a, ¢, € & @), indicating that land that has been cleared may not be
allowed to regenerate. This may be due to settlement expansion (Figure 9 a & b) or
intensification of use. That is, open areas transition between Cropland and Parkland and were

less likely in 2009 to regenerate to Shrubland or Mixed Woodland than in previous years.
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Cropland land-cover transitions:
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Parkland land-cover transitions:
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Figure 3.3.10 Landcover transitions for bareground- cropland and parklands. Each column shows
the relative contribution (%) of the other landcover classes to gains and losses observed in croplands
and parklands during each inter-decadal time-slice (1965-2009).
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3.3.7.3 Landcover transitions in woody areas
The most evident pattern of change in the overall wooded areas (Mixed Woodland and

Shrubland) was the consistent loss of Mixed Woodland and Shrubland to open areas
(Cropland and Parkland) through clearing, during each successive time-period of the study
(Figure 3.3.114a, ¢, e & g). Over the study period (1965- 2009) conversion to open areas
accounts for approximately 60% - 80% of all losses of Mixed Woodland cover in
Welverdiend (Figure 3.3.11e) and 50% - 90% of the losses in Athol (Figure 3.3.119).
Systematic woodland degradation is evident by assessing the Shrubland gains in both villages
(Figure 3.3.11 b & d). Shrublands were consistently predominantly created from Mixed
Woodland cover in both villages during each time interval (Figure 3.3.11 b & d); although
this was to a greater magnitude in Welverdiend (Figure 3.3.11b) than in Athol (Figure
3.3.11d).

Scrutiny of the Mixed Woodland gains (Figure 3.3.11 f & h) suggests that there is some
degree of resilience and regeneration from cleared areas. However the actual gains in Mixed
Woodlands translate to a small proportion of the total areas of the respective village
landscapes (Figure 3.5 & 6). In general, between 1965 and 2009 the gains in cover of Mixed
Woodland from the other landcover classes comprised of such small proportions of the
village landscapes, (<2% or <78 ha in Welverdiend and <56 ha in Athol Figure 3.5, Figure
3.6) as to be virtually irrelevant in terms of replacing lost Mixed Woodland area.

Nonetheless observed gains in Mixed Woodland during each interval were primarily from
regeneration of Cropland, Parkland and Shrubland (Figure 3.3.11).
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Shrubland transitions:
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Figure 3.3.11 Landcover transitions in wooded areas, both shrublands and mixed woodlands. Each
column shows the relative contribution (%) of the other landcover classes to gains and losses observed
in these landcover classes respectively during each inter-decadal time-slice (1965-2009).
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3.3.8 Identifying Systematic Landcover transitions between 1965 and 2009

3.3.8.1 Landcover Transitions in Welverdiend
Nearly all of the differences between the observed proportion and the expected proportion (in

round parentheses) in the transition matrix for Welverdiend were larger than zero in value.
According to Pontius et al (2004) this indicates that the observed changes were not due to
random error or chance processes occurring in the landscape between the images for 1965
and 2009. The only zero values were observed in the loss of Mixed Woodland to Cropland
which is very close to zero in value. However, the temporal trends in Mixed Woodland loss
for each successive time interval (Figure 3.3.11) show that this loss is not by random error, it
is likely that this result is due to the large degree of transition on the landscape as a whole.
This method holds the persistence constant and redistributes the loss equally between the
other landcover classes according to the relative cover of each class (Pontius et al 2004). In
20009, the landcover classes contributed similar proportions to the landscape (Figure 3.5,
Figure 3.3) so at the coarse temporal scale the observed change pattern may mimic a random
change pattern, thus weakening the ability to differentiate between systematic Mixed
Woodland loss to Cropland and random process. However, this may also indicate that
transition to Cropland of wooded areas occurs in already degraded areas first- that is, Mixed
Woodland is replaced by Shrubland and there is a strong signal that Shrubland is

predominantly converted to Cropland and to a lesser extent Parkland .

3.3.8.2 Landcover transitions in Athol
All observed losses in Athol could be attributed to systematic change, rather than random

process or error (no zero values). The signals of systematic transition (Difference divided by
expected,) are noticeably stronger in Athol than in Welverdiend. Specifically the transitions
to Settlement from Croplands (4.91) Parklands (3.93) which indicate that the transition is
systematic occurring at approximately 4.5 times the rate at would if this was random or
methodological error. A similarly strong signal of systematic conversion between Parkland
and Shrubland is also evident, however, this only accounts for a small proportion of the
landscape (0.27) that the strong signal may simply be due to the small size of Shrubland
relative to Parkland (Pontius et al 2004).
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3.4 Discussion

Landcover changes modify the ability of the landscape to provide certain ecosystem services
although not all changes result in negative impacts (Leppers et al 2005). Therefore the
observed landcover changes are discussed relative to potential impacts on ecosystem service
delivery, with particular reference to the sustained loss of the Mixed Woodland class in both
villages. The implications of the past LUCC trends up until 2009 are discussed in the context
of the success of future socio-economic development plans for Bushbuckridge as an ISRDP
node as well as an integral part of the K2C Biosphere Reserve.

3.4.1 Communal landscape change trajectories
The landscapes of both villages have followed the same basic trajectory of development over

the study period. There has been consistent Settlement expansion and loss of Mixed
Woodland in each communal landscape, buffered by a variable, heterogeneous zone of
agricultural lands, both active and fallow, cleared open spaces and degraded shrublands lying
between those two classes. This spatial pattern conforms to descriptions of disturbance
gradients with human utilisation impacts decreasing with distance from residential areas in
other communal landscapes (Shackleton et al 1994, Fisher et al 2012). These trends in
landscape development suggest that heavily utilised villages (communal woodlands) begin to
lose this gradient and become increasingly homogeneous (Giannecchini et al 2007, Fisher et
al 2012).

The landscape compositions were similar to begin with in 1965 but by 2009, Welverdiend
showed a considerably greater degree of transformation. This may primarily be due to the
higher rates of landcover change in Welverdiend, consistent in each time-period, implying
higher population pressures requiring more space to build homes and arable land, that is,
more people settled in Welverdiend compared to Athol. Thus in Welverdiend, as the
population grew (as evidenced by the increasing size of the settlement area), the disturbance
gradient has become less evident; for example, from 1986, as the Mixed Woodland
contracted towards the north-east, south-east and south-west corners of the village extent, the
lands lying towards the east and west of the settlement area have become a patchwork of
open cropland and parklands (Figure 3.4). Parklands are partially deforested woodland with
scattered large trees (e.g. abandoned fields), in some instances this landcover class gained
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large areas from Mixed Woodlands. Such patterns were observed by Giannecchini et al
(1997) and this transition was attributed to areas which having been cleared for agriculture
had been abandoned but still contained large indigenous fruit trees, such as Marula,
(Sclerocarya birrea) with some degree of regeneration.

Fuelwood harvesting, in conjunction with agricultural clearing, has also been identified as a
major driving force behind woodland degradation and woodland-cover change in other
Dryland ecosystems in southern Africa (Bagachwa et al 1995, Luoga et al 2000, Petit et al
2001, Luoga et al 2002, Scholes 2009). Selective species harvesting, as is carried out in
fuelwood harvesting (Brouwer et al 1997) ultimately leads to woodland degradation
(Grainger 1999). Not all species are targeted for fuelwood harvesting; some species, such as
Pterocarpus, are preferentially cut for timber and carving. Deforestation as a result of
fuelwood harvesting begins to occur once the resource becomes scarce relative to demand
(Shackleton et al 1994). However, once harvesters begin to chop live stems, then woodland
degradation initially through repeated woodland thinning processes compounded with
agricultural clearing (Grainger 1999) will result in the transition patterns displayed in the
case-study villages in Bushbuckridge. Thus the interaction between residential and
agricultural expansion, wood harvesting and livestock browsing (which has not been
accounted for in this study) are direct causes of deforestation in these socio-ecological
systems (Grainger 1999, Geist & Lambin 2002, Biggs et al 2005, Scholes 2009).

3.4.2 The legacies of past land-use and the influence of social occurrences

on landcover change
The most obvious legacy of past land-use patterns is the spatial persistence of the disturbance

gradient around each settlement area which follows the proscribed land-use planning system
of the Apartheid land Betterment Schemes (McCusker & Ramadzuli 2007). These land-use
planning patterns are still being applied in the development of rural settlements in South
Africa (McCusker 2004, McCusker & Ramadzuli 2007). However, the extent to which
topography mediated what land-use and therefore what land-cover could occur on the
landscape needs to be further investigated. Even though a gradient was observed around
settlements, the location of fertile clay soils in valleys and sandy soils on hilltops (Venter et
al 2003) may have influence on the location of fields and parklands in a manner that
decouples from classic linear disturbance gradient. The common perception that the severe

degradation on communal rangelands should only be attributed to unsustainable use patterns
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by village residents (de Wet 1987, Scoggings et al 1999) should be brought into question, in
light of the histories of these areas. The establishment of these villages on former farms
forced larger numbers of people than could naturally be supported onto small, restricted
parcels of land, with little planning for future population expansion (McCusker & Ramadzuli
2007). Limited infrastructural investment by Apartheid structures and the post-1994 national
Government re-enforced livelihood dependence on these lands; creating situations of

increasing resource harvesting pressure and inevitable unsustainable systems over time.

Petit & Meyfroidt (2010) identified two levels of human influence on landcover changes.
Socio-ecological feedbacks are community-driven, village-level landcover changes that affect
ecosystem services provided in the immediate environment. Socio-economic changes
operate at a higher decision level and are often not under the control of the proximate
communities; they include changes in government development or economic policies (Geist
& Lambin 2002, Petit & Meyfroidt 2010). The observed patterns of change within the case
study sites fit well within this framework. Rates of landcover change in each village were
non-linear and echoed social patterns of change that were occurring in the political domain of
South Africa during the first time-period (1965-1974) when the forced resettlements
happened and the Bantustans were officially proclaimed. Platzky and Walker (1985)
document that hundreds of thousands of people were relocated into the Gazankulu and
Lebowa homelands. The second episodic spike in landcover change rate occurred during the
third interval (1986-1997) which was concurrent with the significant influx of the
Mozambiquan refugees into the area (Twine 2005). During each pulse, rates of landcover
change would have been driven by the need to create new space for homesteads, perhaps
arable fields as well as building materials (Twine 2005, Giannecchini et al 2007). Socio-
ecological feedbacks are evident in the expansion of the Welverdiend resource base onto
Morgenzon (Figure 7). Initially in response to perceived shortages in woodland resources
due to drought but also as space has become limited on Welverdiend farm, for new land for

agriculture.

3.4.3 The impact of landcover change on land-based livelihood strategies
Although they are not the primary source of livelihood communal woodlands can contribute

up to 30% of household livelihood streams (Dovie et al 2005) thus they contribute
significantly to mitigating the impacts of poverty and improving human well-being in
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communal areas. Therefore household livelihood security is linked to secure access to
communal woodlands and resources (Cousins 1999, Dovie et al 2005). They also provide a
cash-saving function to the household, since households access resources at no or little
financial cost (Shackleton & Shackleton 2002) and are buffered against environmental and
social shock (Arnold & Ruiz-Perez 2001). The high monetary costs associated with monthly
tariffs, purchasing and maintaining the technologies that are required to make adequate use of
electricity such as stoves, are often prohibitive to these rural households (Williams &
Shackleton 2002). For instance the money that households save by using fuelwood rather
than electricity for cooking is then available for other households needs such as purchasing
food (Madubansi & Shackleton 2006, Shackleton et al 2007). Thus the communal
woodlands represent a vital cash-saving function, not only to the households but also to the
national government. The domestic use of fuelwood represents a saving of approximately R3
billion or just less than R2000 per using household per annum (Williams & Shackleton 2002)
or approximately 10% of the average income of households in the case study villages
(Matsika et al, In Review, Chapter 4). If the trends continue, this implies the transferral of
this cost to either the households or to the State to replace the lost fuelwood reserves with
viable energy alternatives (Shackleton et al 2007). The dependence on natural resources
from the communal woodlands will not change over the intermediate future unless either
economically viable alternatives (at the household level) can be introduced, or the socio-
economic conditions that prevent households from making efficient use of improved
infrastructure change (Williams & Shackleton 2002).

In light of this, the rapid conversion of the communal woodlands to settlements represents a
negative change in many fronts as it will require households to develop considerable coping
strategies to cope and adapt the new regimes (Shackleton et al 2007). To secure access to
woodland ecosystem goods such as fuelwood, timber, bush meat or medicinal plants,
households may cope by walking further distances, investing more time and household labour
to access these resources or switch to alternatives (Abbott 1998, Brouwer et al 1997).
However such coping strategies will only be adequate for as long as the woodlands persist on
the landscape. If similar changes are in fact occurring in the other villages in Bushbuckridge,
along the same patterns (Coetzer et al 2012, Submitted) then it is likely that, either the
communal woodlands will disappear completely or be reduced to patches of heavily impacted
woodland that are commonly shared by several villages. This has in fact already been
observed to varying degrees in other villages in Bushbuckridge (Fisher et al 2012). This
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brings into sharp focus the question of how such communities will cope without the safety
net and extensive resources available to them currently from the communal rangelands. The
trend of permanent woodland clearing represents a threat to the various income-generating
activities from communal lands including collection and sale of various resources such as
timber, thatching grass, fuelwood, wild plants and animals for food and traditional medicinal
purposes (Twine et al 2003, Shackleton et al 2001, Shackleton et al 2007).

3.4.4 Landscape development, resource shortages and socio-economic

development in Bushbuckridge
The basic premise of the ISRDP serves to create conditions under which local Government

structures in each of the nodes drive infrastructural development within the area (Harmse
2010). Under this, the Bushbuckridge Municipality created a Spatial Development
Framework to guide development activities in the future and identified the lack of
infrastructural development in the settlements within the municipality with specific reference
to services such as water and electricity (BLM 2010). With reference to the latter, rural
communities in Bushbuckridge are predominantly dependent on fuelwood extracted from the
woodlands to meet their thermal-intensive energy needs. The extensive electrification
programme has had limited success, given that up to 90% of the households with access to
electricity still use fuelwood for their main thermal energy requirements (Madubansi &
Shackleton 2006, Matsika et al, In Review, Chapter 4).

The observed trajectories of change in the case-study villages indicate how landscapes in
other villages in Bushbuckridge and other former homeland areas in South Africa have
developed, if they were established in the same manner. From the cross tabulation of
landcover transitions it is evident that settlements expand outwards into land that has already
been cleared for agricultural purposes, leading to new clearing of Mixed Woodland areas to
create new croplands for village residents but since space within the village bounds is limited,
there is no replacement of Mixed Woodland area. The limited resource-base continues to
shrink and move further away from the settlement area as the populations grow.
Furthermore, the results suggest that at the fine-scale (village-level) the beginning of
disturbance, for example from wood harvesting for fuelwood, within the natural landcover
type (Mixed Woodland to Shrubland, Tables 7, 8) acts as a kernel around which systematic
transition, from Shrublands to Cropland to Settlement area progresses rapidly, relative to
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extant population pressures. This echoes trends that were observed in landcover change
analyses of transitions at the macro-scale, ecosystem level within the Kruger to Canyons

Biosphere Reserve by Coetzer et al (submitted).

The results point to two inevitable outcomes, if these trajectories hold true in the future.
Space for human settlements could become an issue as villages run out space to expand into,
within the land that is available to them. Secondly, as Mixed Woodlands continue to be
cleared to make way for settlements and agricultural lands, scarcities of the various
ecosystem goods and services upon which the village residents are so dependent are bound to
occur with time, irrespective of the seemingly “sustainable” nature of current use-patterns.
Such ecosystem goods include fuelwood, poles for construction and fencing, thatching, edible
fruits and medicinal plants amongst others (Twine et al 2003). As the woodlands contract
and the human population increases, the extractive pressure on the communal woodlands per
person (or per household) per unit area will increase. The additive effects of increasing
pressure on shrinking woodland areas will lead to the collapse of the resource base.
Population growth, manifest through settlement expansion is a major driver of change in
Bushbuckridge, also observed by Giannecchini et al (2007). Even should population growth
rates slow, this will not necessarily translate to a decline or reversal of the rates of household

creation (and therefore settlement expansion) or the need for agricultural land.

The development considerations in light of these patterns are further compounded by the
inclusion of Bushbuckridge within the K2C Biosphere Reserve. The expansion of the
Welverdiend resource range into Morgenzon illustrates the desperate need for space and high
value of land, as a source of essential ecosystem services and for outward settlement
expansion. Similar trends of village range expansion have occurred in Athol during the
drought in the early 1990s (Giannecchini et al 2007). Furthermore historical resentments and
tensions between resource-stressed rural communities and neighbouring commercial
conservation enterprises have been previously documented in the area (Pollard et al 2003).
The annexure of Morgenzon may be a unique, opportunistic social development with respect
to Welverdiend, or it may be indicative of potential conflicts to come if the change patterns

continue and space and resources in the communal woodlands become increasingly scarce.

The current Spatial Development Framework for Bushbuckridge does not account for any of
these observed trends and the almost inevitable future resource shortages that could occur if
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landcover change processes continue along the same trajectories. Current municipal land-use
planning for new settlement areas is still based on the patterns of the Apartheid Betterment
Schemes (McCusker 2004, McCusker & Ramadzuli 2007). This ensures the perpetuation of
the type of landcover dynamics that are evident now into the future. Greater consideration
for the results of past land-use planning on landcover today needs to be taken into
consideration in the planning for Bushbuckridge to ensure the creation of sustainable natural-

resource based communities.

3.4.5 Methodological considerations
Error may have been introduced into the analysis of landcover change at two points in the

methodology- during orthorectification process as well as manual classification. Change
detection requires accurate coregistration of successive images to each other so that they have
the same geometry and are perfectly aligned (Coppin et al 2004). If not comparisons of
landcover change between successive images might result in false detections of change.
However, the low RMSE value for both village datasets (<3m) indicated that the error in this
regard is minimal. Human error may have occurred during the manual classification and
digitisation process since the delineation of landcover classes is somewhat subjective but the
relatively small areas over which the analyses were performed meant manual photo-
interpretation could be applied confidently (Gennaretti et al (2011). However, whatever
human error that was incorporated through subjective misclassification may be discounted
since this was carried out by a single analyst who was very familiar with the landscapes under
investigation as a result of extensive field work and data collection in the communal
woodlands and settlement areas. Thus whatever human error that may have been introduced

was well managed and minimal.

The method proposed by Pontius et al (2004) makes use of statistical techniques to identify
the most common systematic trends in landcover transformation in a given landscape.
Although it is useful to indicate landcover transformation trends that may require
management intervention or research focus from a scientific perspective, it has not been
widely applied in landscape ecology. As such, there is a lack of comparative studies that
could be used to check how accurate the identifications of systematic transition are in real-
world landscapes. Furthermore, this method does not account or differentiate for the causal
mechanisms of LUCC, through human action or gradual environmental change and this
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needed to be taken into consideration. For instance, systematic changes from the Mixed
Woodland to Shrubland classes indicate some degree of bush encroachment but do not
explicitly identify human actions as the causal agents as this could also be as a result of
gradual environmental changes, drought or fire all of which are common occurrences in
Savanna landscapes (Scholes & Walker 1997). The small scales over which the analysis was
carried out and the heavy human presence and influence within these landscapes during the
study-period makes it more likely that the observed changes were community-driven and
village residents were the agents of change (Petit & Meyfroidt 2010).

3.5 Conclusion

Human societies on cultural landscapes shape and are shaped by their environments in a
process of constant change and adaptation through socio-ecological and socio-economic
feedback mechanisms operating at various temporal and spatial scales. In the communal
landscapes in Bushbuckridge communal land is fast becoming a scarce resource as a result of
a combination of historical landcover change dynamics and population growth and settlement
expansion and demand for small-scale agricultural spaces. Should these landcover change
trajectories continue, then resource shortages, of fuelwood, timber and various other NTFP
will be inevitable, irrespective of how “sustainable” current harvesting practices may be in
the individual communities. There is an urgent need to investigate the implications of socio-
economic development programmes in affecting rural-rural intermigration onto already
stressed, vulnerable rural communal livelihood systems (Shackleton et al 2001).
Environmental resilience and rapid reversals of change are characteristic of such cultural
landscapes but where the change is driven from natural cover to a built-up environment, such
changes tend to be permanent. Therefore more efficient land-use planning and rural planning
systems should be investigated to halt the threat to woodland resources and the communities

that depend on them.
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Chapter 4

4. The dichotomy of fuelwood depletion VS
access to electricity in rural South Africa

Abstract

Energy security is central to achieving sustainable development and reducing poverty
worldwide. Over 70% of the population of Sub-Saharan Africa, mostly in the rural areas,
depend on wood fuel, as firewood or charcoal, to meet their primary domestic energy
requirements. This dependence is projected to increase with population growth in the
intermediate future, regardless of the implementation of rural electrification programmes. .
Fuelwood shortages occur at the localised village level and are a chronic landscape
syndrome, becoming more severe over time, with increasing population pressures and
competing land-uses. In the South African context, the provision of electricity to rural
households at subsidised rates would be expected to provide a viable alternative to fuelwood
under conditions of scarcity. This paper compares the fuelwood consumption strategies of
households in a fuelwood-scarce environment against those in fuelwood-abundant
environment in order to illustrate the inelastic nature of the demand for fuelwood in rural
communities, even in the face of severely depleted wood stocks. We seek to understand the
mechanisms that households implement to ensure household fuelwood/energy security and
how these responses aggregate at the landscape level to shape landscape dynamics. This will

aid better planning of intervention policies in the future.

4.1 Introduction

Household energy security is an essential aspect of poverty reduction amongst the vulnerable
populations of less developed nations (Pachauri and Spreng, 2004, Starr, 1996,). Itis an
essential building block in almost all socio-economic development activities (Zhang and Fu,
2011) and access to efficient affordable energy services is related to an improvement in
human societal welfare (Davis, 1998; Leach and Mearns, 1988). The harsh reality is that a
large proportion of the populations of less developed countries exist under conditions of

energy poverty, lacking access to energy sources that are “adequate, safe and reliable for
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economic and human development” (Perreira et al 2011). For these populations, residing
mostly in rural, undeveloped areas, woodfuel either burnt directly as fuelwood or processed
to charcoal is the primary source of domestic energy (Karekezi, 2002). In these rural
communities household energy is secured at the opportunity cost to the household of time

spent by females in fuelwood collection (Dovie et al 2004).

Generally, fuelwood is collected from communal woodlands and agricultural fields around
the homestead and/or village depending on the settlement pattern. Fuelwood collection is
preferentially of dead and dry branches but as demand increases and begins to exceed the
available deadwood resources, live woody stems and branches is cut for fuelwood and over
time this brings about woodland degradation (Grainger, 1999). Concerns about this and the
assumption that fuelwood harvesting would result in widespread deforestation, and therefore
a gap between demand for fuelwood and the available supply, gave rise to what was referred
to as the “Fuelwood Crisis” in the global energy planning arena in the 1970s (Eckholm, 1975;
de Montalambert and Clement, 1983). Entire developing nations were projected to have
insufficient woodland reserves to meet the needs of their populations as a result of this
deforestation (Dewees, 1989). Subsequent and on-going research has shown that fuelwood
deficits do not occur at the national level of accounting; rather, fuelwood crises are highly-
localised, village-level phenomena (Dewees, 1989; von Maltitz and Scholes, 1995). The
definition of a fuelwood crisis is the scarcity of fuelwood of sufficient quality, relative to the
needs of the dependent communities (Arnold et al 2006). This issue should remain within
the focus of global concern because of the high dependence on fuelwood in the developing
world, currently and well into the intermediate future (Aron et al 1991; Karekezi 2002;
Williams and Shackleton 2002).

Fuelwood scarcity in Sub-Saharan Africa is a chronic landscape condition (Brouwer et al
1997). This means that it generally becomes worse over time through woodland loss, as a
result of rural agricultural and settlement expansion (Petit et al 2001) and increasing
extractive pressure on the remaining wood stocks for multiple uses (Shackleton and
Shackleton, 2000; Twine and Siphugu, 2002). Restricted access to fuelwood implies a loss of
societal welfare and the gravity of the situation depends on the ability of households to cope
with decreasing levels of fuelwood availability (Arnold et al 2006). Underpinning the
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societal implications of these shortages is the own-price demand for fuelwood which is often
expressed through the increased opportunity cost of fuelwood collection time (Baland et al
2010; Cooke St Claire et al 2002) and financial investment through purchasing wood as
harvestable fuelwood stocks decrease by the household (Brouwer et al 1997; Twine et al
2003). However, rural demand is not very responsive to decreasing fuelwood availability
(Arnold et al 2006) and this has been attributed to a lack of economically viable energy
alternatives (Cooke St Claire et al 2002). It is therefore important to understand what factors
sustain the demand for fuelwood in situations of scarcity, that is, how and if households
adjust their fuelwood consumption strategies to ensure household energy security particularly
in economically vulnerable, rural communities. Such coping mechanisms are implemented at
the household level, therefore for the purposes of this study, fuelwood consumption was
considered to refer to how households access and use fuelwood. The aggregate household
responses will determine the impact of the village on the socio-ecological landscape and this
depends on a complex interplay of socio-economic conditions, such as local land-use rights,
systems of governance (Kaschula et al 2005) and available alternatives (Brouwer et al

1997).

In South Africa, the post-Apartheid government implemented an accelerated electrification
programme to address the historical developmental imbalances in today’s rural areas - the
former “homelands” of pre-democracy South Africa (DME, 1998). These are economically
and socially marginalised areas that were designated for forced resettlement of indigenous
black people by the Apartheid government (Thornton, 2002). The electrification programme
increased household access to electricity in the general populace from 36% in 1994 to 68%
by 2000 (Kotze, 2001). However, in the rural areas, the introduction of electricity had little
bearing on the demand for fuelwood, as up to 95% of households with access to electricity
still use fuelwood as the primary energy choice (Davis, 1998; Madubansi and Shackleton,
2006; Thom, 2000). Rural households incorporate electricity into their domestic energy mix,
rather than transition completely (Madubansi and Shackleton, 2006) even though they receive
a free basic allowance that results in heavily subsidised electricity tariffs (Davis, 1998; Thom
2000). Even with decreasing fuelwood availability, households still invest limited household
resources into purchasing fuelwood rather than electricity in order to meet their domestic

energy needs (Davis, 1998; Thom, 2000). This is linked to various socio-economic factors
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such as the prohibitive costs of monthly tariffs and the purchase and maintenance of the

technologies needed to use electricity efficiently (Williams and Shackleton, 2002).

In the context of predicted (Banks et al 1996) and proven fuelwood shortages (Madubansi
and Shackleton 2007), there is little information in the literature as to the mechanisms that
rural households and communities in South Africa are adopting to combat shortages in light
of the introduction of electricity as a widely available, “